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Preface to “Dietary Pattern and Health” 
This special issue is divided into two volumes based on how dietary patterns were constructed for 
use in dietary studies: Volume 1 contains studies considering the relationship between posteriori dietary 
patterns and health outcome (18 papers) while Volume 2 includes studies considering: a priori dietary 
patterns and health outcome (20 papers). 
In Volume 1, a posteriori dietary patterns based on factor analysis/principal component analysis 
(PCA, 15 papers), cluster analysis (2 papers), reduced rank regression (RRR, 2 papers) and various health 
outcomes are covered. Seven papers from China, Spain, the Netherlands and South Africa focus on 
dietary patterns and obesity. Six papers have assessed the association between dietary patterns and 
metabolic diseases in Ghana, Australia, China, Qatar, and USA. Studies on the associations between 
dietary patterns and cognitive function, atopic dermatitis and general health are also included. Most of 
the studies use a comprehensive food frequency questionnaire (FFQ) to assess food intake. A small 
number of studies use a short version of FFQ. 
Three papers use data from national representative studies including the National Health and 
Nutrition Examination Survey (NHANES) in the USA, China Kadoorie Biobank survey, and Australian 
Health Survey 2011.  
There are three pioneering papers in terms of methodology in the volume. Using principal 
component analysis, Pisa et al. construct nutrient patterns and find a positive association between animal-
based nutrient pattern and obesity among rural South African adolescents. Thani et al. construct lifestyle 
patterns by incorporating dietary habits and lifestyle factors among Qatari women of childbearing age. 
Similarly, Perez-Rodrigo et al. combine factor analysis and cluster analysis to assess the association 
between lifestyle patterns and obesity among Spanish children and adolescents. This novel data-driven 
approach highlighted the synergistic effect of the clustering of dietary habits and other lifestyles. It can be 
used as an alternative to the priori healthy lifestyle scores.  
In Volume 2, there are four sections. In the review and perspective section, four papers focus on 
Mediterranean diet. Davis et al. systematically review the definition of Mediterranean diet used in 
population based research. Hoffman et al discuss the influence of food processing techniques on 
nutritional values (e.g. phytochemicals) in the Mediterranean diet. This is an important area but often 
neglected in the research or promotion of Mediterranean diet. It may help to understand the association 
between diet and health in populations with different cooking practices. D'Alessandro et al review 
population studies on the association between Mediterranean diet and cardiovascular diseases. The 
review by Fito discusses the role of nutritional genomics in the association between Mediterranean diet 
and cardiovascular disease.  
In section 2, seven original research papers describe the association between priori dietary pattern 
scores (e.g. Mediterranean diet score, Nordic Food Index, diet quality score) and health outcomes (bone 
mineral density, polycystic ovary syndrome, diabetes, cardiovascular disease, nasopharyngeal carcinoma, 
and general health).  
Three papers are included in the clinical trial section focusing on 1) the effect of weight loss on 
leptin and adiponectin; 2) sex difference in the effect of Mediterranean diet on LDL, and 3) feasibility of 
recruiting families in intervention program based on dietary patterns. 
The last section of Volume 2 focuses on the food and nutrients intake as well as the associations 
with health outcomes. Some of the papers may help to understand the association between dietary 
patterns and health outcomes. For example, a study by Cao et al. assesses the association between 
macronutrient intake and obstructive sleep aponea among Australian men and found high fat intake is 
associated with daytime sleepiness. Using data from the 2008/2009 New Zealand Adult Nutrition Survey, 
Brow et al. find that nut consumption was associated with more favorable body composition and 
cardiometabolic profiles.  
The collection of papers suggest that dietary pattern analysis is an area of growing interest. 
Findings from the papers show the importance of overall dietary patterns. The dietary pattern analysis 
approach takes into account the synergetic effects of food and nutrients. Factor analysis/PCA is the most 
x
commonly used method in the posteriori dietary pattern research. Currently, all the studies using RRR 
method were conducted using SAS software. As the free RRR packages became available in R (e.g. rrr 
package, rrpack), more studies in this area will be expected.  
Zumin Shi 
Special Issue Editor 
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Abstract: Numerous studies over several decades suggest that following the Mediterranean diet
(MedDiet) can reduce the risk of cardiovascular disease and cancer, and improve cognitive health.
However, there are inconsistencies among methods used for evaluating and defining the MedDiet.
Through a review of the literature, we aimed to quantitatively define the MedDiet by food groups
and nutrients. Databases PubMed, MEDLINE, Science Direct, Academic Search Premier and the
University of South Australia Library Catalogue were searched. Articles were included if they
defined the MedDiet in at least two of the following ways: (1) general descriptive definitions; (2) diet
pyramids/numbers of servings of key foods; (3) grams of key foods/food groups; and (4) nutrient
and flavonoid content. Quantity of key foods and nutrient content was recorded and the mean was
calculated. The MedDiet contained three to nine serves of vegetables, half to two serves of fruit,
one to 13 serves of cereals and up to eight serves of olive oil daily. It contained approximately 9300 kJ,
37% as total fat, 18% as monounsaturated and 9% as saturated, and 33 g of fibre per day. Our results
provide a defined nutrient content and range of servings for the MedDiet based on past and current
literature. More detailed reporting amongst studies could refine the definition further.
Keywords: Mediterranean diet; definition; quantity; foods and nutrients
1. Introduction
The Mediterranean diet (MedDiet) was first defined by Ancel Keys as being low in saturated
fat and high in vegetable oils, observed in Greece and Southern Italy during the 1960s [1]. In the
Seven Countries Study this dietary pattern was associated with reduced risk of coronary heart disease
(CHD) compared to northern European countries and the United States after 25 years follow-up [2,3].
Over the past several decades the study of the MedDiet has advanced, and the definition originally
introduced by Keys has evolved and varied. There are a number of ways to define a dietary pattern,
including general descriptions, dietary pyramids, a priori scoring systems, a posteriori dietary pattern
formation, or by food and nutrient content [4–9].
Of these, a priori scoring systems have gained most popularity in the past two decades as they
simplify analysis of adherence to the diet in relation to primary outcomes [10]. Dietary intake is
separated into selected food groups related to health outcomes and points are awarded for higher
intakes of health-promoting foods and lower intakes of health-harming foods, to calculate a single
adherence score. However there are several a priori Mediterranean diet scores (MDS) with different
scoring criteria [11–14]. Sofi et al. [10] recently compared data from 26 cohort studies utilising some
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form of MDS, and noted the large range of cut-offs for major food groups such as cereals, even amongst
similar populations. When compared on the same nutritional data, 10 different a priori MDS resulted
in a mean adherence ranging from 22.7% to 87.7%, with poor correlation between most indices [14].
This implies the defining aspects of the MedDiet used to calculate these scores are widely different.
Similarly, there are large differences between studies using gram intakes of foods and nutrient content
as descriptions/adherence scores. For example, the Greeks in the Seven Countries study consumed an
average of 191 g/day of vegetables, in the Prevención con Dieta Mediterránea (PREDIMED) study
participants in the intervention group consumed approximately 350 g/day, and the Greeks enrolled in
EPIC consumed over 500 g/day [11,15,16].
Marinez-Gonzalez et al. [1] suggest that “the very definition of the MedDiet is not a minor
issue” (p 10), and point out that two prominent randomised trials investigating health effects of the
MedDiet used interventions not fully in line with traditional ideas of the diet, such as the high oil
content. A systematic review of intervention trials investigated the relationship between the MedDiet
and health outcomes; the authors concluded that there is good evidence the diet improves the lipid
profile, endothelial function and blood pressure, but that one of the most limiting factors to drawing
conclusions was discrepancies in how the MedDiet had been defined and formulated [17].
Differences in definitions could be limiting our understanding of the mechanisms by which
the MedDiet confers its health benefits. The biological actions of key nutritional components of
the MedDiet, such as specific fatty acids, have been studied with promising, although somewhat
inconsistent results [18]. One reason for this may be differences in dose of foods and nutrients
between studies. Additionally it is difficult to formulate new MedDiets for intervention studies
which are consistent with previous studies, as there is little consistency on which to base these new
diets. One potential approach to address such problems is to form a more universal definition by
calculating an average quantity of foods and nutrients from previous MedDiets, which would combine
traditional and modern examples from relevant studies and provide a benchmark profile of the
MedDiet. This definition could be used in future to design intervention MedDiets or MDS which are
comparable to other studies. Our objective was to collate information from a range of studies to form a
more comprehensive and quantitative definition of the MedDiet than presently exists, by summarising
existing definitions and calculating the mean amounts of foods and nutrients.
2. Results
2.1. Mediterranean Diet: General Descriptions and Pyramids
General descriptions of the MedDiet are similar amongst publications, emphasising the same
key components. The definitions include guidelines for high intake of extra virgin (cold pressed)
olive oil, vegetables including leafy green vegetables, fruits, cereals, nuts and pulses/legumes,
moderate intakes of fish and other meat, dairy products and red wine, and low intakes of eggs
and sweets. Each description provides an indication of the frequency these foods should be consumed,
for example often, daily, biweekly and the amounts in the diet, described using subjective terms
such as abundance, high, moderate, low, some, and vast. Most lack specific suggestions for numbers
of servings or serving size, and do not specify amounts of additives to the diet, such as sauces,
condiments, tea, coffee, salt, sugar, or honey. Some definitions specify that cereals should be mostly
wholegrain. The definitions from Willett et al. [6] Panagiotakos et al. [19] and Dilis et al. [20] add some
description of traditional practices; olive oil was added to vegetables and legumes to make them
palatable, fruits were eaten as desserts or snacks, cheeses accompanied salads and stews, and red meat
was eaten only on special occasions.
Most commonly, recommended numbers of servings for these food groups are represented as
a diet pyramid. Diet pyramids are considered a useful way to display the general principles of a
diet including approximate recommendations for quantities of food groups (i.e., those consumed
in greatest quantities appear in the largest section of the pyramid). Three MedDiet pyramids were
2
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chosen as a representative sample for this review, although several others exist. In 1993, the first
MedDiet pyramid was produced by Oldway’s Preservation and Exchange Trust [6]. This was updated
in 2009 [21]. The 1999 Greek Dietary guidelines are based on a traditional MedDiet and are also
expressed in pyramid form [22]. A third pyramid model of the diet was released in 2010 by the
Mediterranean Diet Foundation (MDF), intended as a flexible, general representation of the MedDiet [5].
The pyramid of the Greek dietary guidelines is semi-quantitative, providing serving number and size.
The recommendations of these three pyramids are compared in Table 1.
Table 1. Comparison of dietary recommendations for three Mediterranean diet pyramids.
Foods
Oldway’s Preservation




Guidelines (1999) [22] 1
Olive oil Every meal Every meal Main added lipid
Vegetables Every meal ě2 serves every meal 6 serves daily
Fruits Every meal 1–2 serves every meal 3 serves daily
Breads and cereals Every meal 1–2 serves every meal 8 serves daily
Legumes Every meal ě2 serves weekly 3–4 serves weekly
Nuts Every meal 1–2 serves daily 3–4 serves weekly
Fish/Seafood Often, at least two timesper week ě2 serves weekly 5–6 servings weekly
Eggs Moderate portions, dailyto weekly 2–4 serves weekly 3 servings weekly
Poultry Moderate portions, dailyto weekly 2 serves weekly 4 servings weekly
Dairy foods Moderate portions, dailyto weekly 2 serves daily 2 serves daily
Red meat Less often <2 serves/week 4 servings monthly
Sweets Less often <2 serves/week 3 servings weekly
Red wine In moderation In moderation andrespecting social beliefs Daily in moderation
1 Serving sizes specified as: 25 g bread, 100 g potato, 50–60 g cooked pasta, 100 g vegetables, 80 g apple, 60 g
banana, 100 g orange, 200 g melon, 30 g grapes, 1 cup milk or yoghurt, 1 egg, 60 g meat, 100 g cooked dry beans.
The general structure and placement of key food groups in the pyramids is similar however the
pyramids differ in their recommendations for vegetables and fruits, nuts and legumes, fish/seafood and
poultry. Recommendations for legume intake range from every meal to at least twice a week. The MDF
suggests daily nuts, while the Greek guidelines are less specific and recommend fewer servings.
2.2. Mediterranean Diet: Quantity of Food in Grams
The gram quantity for foods or food groups was reported for 15 separate populations in 11
papers, spanning a timeline of 46 years of data collection (1960–2006) [8,11,16,23–30]. Twelve of
the 15 reports were based on observations of dietary intake, most commonly collected by food
frequency questionnaire or food recalls [8,11,16,23,24,26–28]. All of these observations were of local
Mediterranean populations excepting one, which observed Greek-Australian migrants living in
Melbourne, Australia [26]. Of the three interventions, two were in a local French Mediterranean
population, the third in an Australian population [25,29,30]. All reports included gram values for the
groups all cereals, all vegetables, fruits/nuts and meat/meat products. All dairy and legumes were
reported for all but one population and fish in all but two. Reporting of bread, potato, cheese, eggs and
oil was less consistent; olive oil was reported in 11 data sets, eggs in nine, cheese and potato in seven
and bread intake recorded in five. Table 2 shows the amount of foods in grams in the MedDiet by
study, and the average and standard deviation for each food group. Table 3 shows the conversion
of grams of foods to standard Australian serving sizes, compared to recommendations according to
the Australian Dietary Guidelines [19]. According to the lowest and highest intakes reported, the
MedDiet contained between three and nine serves of vegetables, half to two serves of fruits, one to
13 serves of cereals and 1.5 to eight serves of olive oil daily. The recommended number of servings
according to the Greek Dietary Guidelines and the MDF pyramid differ considerably from the average
3
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numbers of servings derived here, based on Australian serving sizes. Fruits, nuts and fish servings are
considerably less than recommended.
2.3. Mediterranean Diet: Nutrient Content
Eight papers reported the nutrient content of the MedDiet in sufficient detail to be included
in this review [4,15,27–29,31–33]. Table 4 shows the mean nutrient content of the MedDiet.
Four of the eight included papers were intervention studies, two were descriptive papers and
two were observational studies. The interventions took place in France, Australia, Spain and
Sweden [15,25,29,33]. The observations were of Spanish adults recruited for the European Prospective
Investigation into Cancer and Nutrition (EPIC) study [27,28]. The two descriptive papers analysed
the nutrient content of Mediterranean menus designed specifically for the study, both based on the
traditional Cretan diet [4,32]. Two others reported only on specific fatty acid content of the diet
(Table 5) [3,11].
All papers reported the energy and fibre content, and all but one reported the per cent energy
contribution from saturated fat (SFA). It was possible to derive the monounsaturated fat (MUFA) to SFA
ratio for all papers. According to these eight papers, the MedDiet contains approximately 9.3 MJ/day,
and provides close to 37% energy from total fat, 19% from MUFA, 5% from PUFA, 9% from SFA,
15% from protein and 43% energy from carbohydrate. The specific fatty acids intakes observed from
the Seven Countries Study and amongst the Greek cohort of the EPIC study are shown in Table 5 [3].
The addition of this data did not greatly alter the average total fat and energy contents, although they
did result in slightly higher intakes. Two papers included long chain omega-3 PUFA content expressed
as % of total energy, with an average of 1.4%, and three papers as grams/day, with an average of
1.1 [4,15,25,27,33].
2.4. Mediterranean Diet: Flavonoid Content
Bioactive compounds include a range of non-nutritive substances thought to confer health benefits,
including polyphenolic compounds and phytosterols [34]. The most notable of the polyphenols
are flavonoids, water soluble plant components which are known to have antioxidant properties
in vitro [34]. There are six classes of flavonoids including flavones, flavonols, flavanols (flavan-3ols),
flavanones, anthocyanidins and isoflavones [35]. These are sourced primarily from red wine,
olive oil, coffee, tea, nuts, fruits, vegetables, herbs and spices. Four papers reported specifically
on the flavonoid content of the diet [21,36–38]. The mean daily flavonoid content presented in
the four papers is compared in Table 6. Vasilopoulou et al. [38] developed a theoretical seven-day
traditional Mediterranean menu based on the 1999 Greek dietary guidelines [39]. The 2003 United
States Department of Agriculture (USDA) flavonoid tables were used to estimate flavone, flavonol,
flavanol, flavanone and anthocyanidin content, and isoflavone content was estimated from the
VENUS phytoestrogen database [38]. Dilis et al. [21] analysed this same menu chemically for
the luteolin, apigenin (flavones), quercetin, kaempferol, myricetin, isorhamnetin (flavonols) and
catechin, epicatechin, epigallocatechin, epicatechin gallate and epigallocatechin (flavanols) content and
determined the total daily content as 79.01 mg. Vasilopoulou et al. [38] found the combined total of
flavones, flavonols and flavanols was 67.8 mg/day, as calculated from the 2003 USDA tables (Table 6).
Zamora-Ros et al. [36] using an updated USDA flavonoid database (2007) estimated the total daily
flavonoid intake of the Spanish cohort recruited for the EPIC study. Dietary intake was assessed
by a computerised diet history questionnaire administered by a dietitian in a personal interview.
Tresserra-Rimbau et al. [37] conducted the only analysis of polyphenol intake based partially on an
intervention MedDiet. Over 7000 high-risk Spanish adult participants with complete dietary data
were included from the PREDIMED study. Polyphenol intake, including flavonoids, was calculated
using the Phenol-Explorer database which provides information on polyphenol content for 456 foods.
Dietary data was collected from a 137-item FFQ, administered in person by a dietitian.
4
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Table 5. Mean nutrient intake (grams per day) reported in the Seven Countries Study (Greek and
Italian cohorts) and EPIC study (Greek cohort).
Nutrients and Energy, Mean ˘ SD
Energy (kJ/kCal) SFA (g) MUFA (g) PUFA (g) MUFA:SFA
Kromhout et al.,
(1995) [3]. (Greeks) 2749 ˘ 100 24.9 ˘ 4.4 73.7 ˘ 14.7 14.4 ˘ 1.3 3.0 ˘ 0.1
Kromhout et al.,
(1995) [3]. (Italians) 3043 ˘ 523 38.0 ˘ 14.1 58.9 ˘ 12.3 15.3 ˘ 5.5 1.6 ˘ 0.3
Trichopoulou et al.,
(2003) [11]. (Greek Males) 2438 ˘ 705 34.6 ˘ 13.2 58.4 ˘ 20.0 17.5 ˘ 9.2 1.8 ˘ 0.5
Trichopoulou et al.,
(2003) [11]. (Greek Females) 1931 ˘ 572 28.6 ˘ 11.6 48.7 ˘ 17.8 15 ˘ 8.2 1.7 ˘ 0.5
Mean ˘ SD (Table 5 only) 10628.5 ˘ 1989.2/2540 ˘ 475 31.5 ˘ 5.9 59.9 ˘ 10.3 15.6 ˘ 1.4 2.0 ˘ 0.7
Mean ˘ SD (Tables 4 and 5) 9753.2 ˘ 1506.2/2331 ˘ 360 29.1 ˘ 5.5 58.4 ˘ 11.9 14.6 ˘ 2.9 2.0 ˘ 0.5
EPIC, European Prospective Investigation into Cancer and Nutrition; SFA, saturated fat; MUFA,
monounsaturated fat; PUFA, polyunsaturated fat; MUFA:SFA, monounsaturated to saturated fat ratio.
Table 6. Comparison of mean daily flavonoid intakes of the Mediterranean diet.
Study Type Years Data Collected Participant Characteristics
Total Daily Flavonoid
Intake (Mean) mg/Day
Zamora-Ros et al., (2010) [34] Observational study 1992–1996 Spanish adults aged 35–64 313.3












Vasilopoulou et al., (2005) [36] Descriptive NA NA 118.6
Dilis et al., (2007) [20] 1 Descriptive NA NA 79.1
Average flavonoid content 344.9
1 Dilis et al. [20] included only flavones, flavonols, and flavan-3ols (flavanols) in their analysis;
NA = not applicable.
3. Discussion
The MedDiet has been described similarly for the past five decades, and several pyramids
represent the general principles. However, this review found that studies vary considerably when
defining the amounts of foods in grams and/or nutrients constituting the MedDiet, although less so
when the nutrient profiles are compared.
Dietary constituents of the MedDiet may reduce the risk of CVD and cancer in a dose dependent
manner, highlighting the need for greater consistency between studies in the amount of foods
and nutrients administered as part of a MedDiet. Sofi et al. [37] reviewed the dietary data of the
Greek component of the EPIC study, and using segmented logistic regression models evaluated the
dose-response relationship between intakes of the nine components of the MDS and overall mortality.
There appeared to be an increased risk reduction at two threshold levels for intakes of fruits and nuts,
meat and meat products, ethanol, vegetables, cereals and dairy [37].
Evidence from the present study shows considerable variation in quantity of MedDiet components.
The intake of olive oil ranged from 15.7 to 80 mL/day, legumes from 5.5 to 60.5 g/day, vegetables from
210 to 682 g/day and fruits and nuts from 109 to 463 g/day amongst studies. A 5-fold difference
in olive oil intake and 10-fold difference in legume intake could have significant implications for
specific and all-cause mortality risk. Menotti et al. [2] used Seven Countries Study data to examine
whether modest variations in food intake predicted changes in CHD death rate. The daily increase
for oils (30 g), legumes (30 g), all vegetables (+ 20%, 189 g) and all vegetable food (+ 25%, 237 g) all
predicted decreased death from CHD (by 18%, 28%, 28%, and 32%, respectively). Amongst the Spanish
population of the EPIC study, for each 10 g increase in olive oil, the hazard ratio was 0.93 for risk of
all-cause mortality (95% CI 0.90–0.97) [38]. Furthermore, sub-analyses from the PREDIMED study
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showed after 3 months on the intervention, C-reactive protein was significantly decreased in the extra
virgin olive oil-enriched arm, but not the nut-enriched arm [40]. After 12 months, a 24 g/day increase
in extra virgin olive oil resulted in a 0.3 μg/L decrease in TNF-α receptor 60 concentration, and a
62.7 g/day increase in vegetable intake resulted in a 0.2 μg/L decrease (p < 0.05) [41]. The variety
of olive oil intake alone seen across different studies could affect whether the study finds significant
effects of the MedDiet.
Quantity of foods appears to impact health outcomes, and forms the basis for most a priori MDS
scoring criteria [11]. Meta-analytic evidence has shown those consuming more vegetables, fruits/nuts,
legumes, cereals and fish, less dairy and meat/poultry and who have a higher MUFA:SFA and consume
moderate amounts of ethanol have better cardiovascular and cognitive health than those consuming
less [42,43]. However, the quantity used to define cut-offs varies between studies; when the 9-point
MDS score was first used in 1995 the cut-off for vegetable intake was 303 g/day for men, and when
used again in 2003 this increased to 550 g/day [8,11]. Differences of such magnitude are likely to
substantially alter intakes of bioactive nutrients. Furthermore any subtle improvements in health
with increasing intakes may be lost when only one cut-off point is used. There have been recent
attempts to improve these scores—Sofi et al. [10,37] in their work have proposed scores with multiple
cut-offs and using weighted mean cut-offs from a number of studies. While these newer scores are
probably improvements on existing MDS’s, they are still limited by a number of factors, such as
failing to recognise major foods like nuts, and differences between studies as to foods are included
into each food group. An average nutrient content may be more useful as a basis for forming a priori
scoring systems.
In this review, nutrient content was found to be more consistent across different studies than food
quantity. Different foods can provide similar nutrients which allows for preservation of unique foods
and dishes observed amongst the different Mediterranean countries while retaining the mechanistic
effects of the nutrients and bioactive compounds. Thus there is a distinct advantage to defining
the diet by nutrients rather than foods. There are currently no a priori based scores which use
nutrient content exclusively [11,19]. Consumption of fatty acids as a percentage of total energy
intake, protein, the MUFA to SFA ratio and fibre, vitamins C and E, minerals including selenium
and potassium, folate, β-carotene, antioxidant or phytosterol content may be useful nutrients to
consider in defining the diet, as these nutrients are consistently implicated as combining for anti-CVD,
anti-cancer, anti-aging effects and preventing cognitive decline [36,42,44–46]. According to this review,
on average PUFA intake contributed 4.9% total energy, MUFA 18.4%, SFA 9.0%, the MUFA:SFA was 2.0,
fibre intake was 33 g/day, vitamin C 225 mg/day and folate 508.2 μg/day. Notably, it was not possible
to derive detailed information on the content of nutrients such as selenium, vitamin E, beta-carotene,
long chain omega-3 PUFA or other bioactives such as plant sterols. Expressing nutrient intake as a
percentage of total energy is recommended, as those consuming more energy will usually consume
more nutrients [47].
Previously, Sauro-Calixto et al., formed a definition of the MedDiet based on nutrient
intakes of the Spanish population in 1964 [9]. This definition focused only on four biologically
active components of the diet; fibre, total daily antioxidant capacity, MUFA:SFA and phytosterol
content. The MUFA:SFA suggested to define the diet was 1.6–2.0, compared to 2.0 in the present
study. This appears to be a consistent element of the MedDiet. A defining dietary fibre intake of
41–62 g/day compares to an average intake of 33 g/day found in the present study, with a large
variation amongst both interventions and observations [15,16]. It is possible that fibre intake has been
too low in recent interventions. The other two components of this definition are rarely considered
in studies, total daily antioxidant capacity and phytosterol intake. From the four studies included
in the review investigating the total flavonoid content, intake is likely to be at least 79 mg/day with
an average of approximately 350 mg. Estimates for flavonoid intakes ranged from 79 to 670 mg/day,
depending on population studied and whether chemical analysis or databases were used. Indeed there
are so many methods for determination of flavonoids that it is not possible to compare studies.
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Standardization of practices for determination of flavonoids is necessary before we can accurately
compare different MedDiets and calculate an approximate range or average [15,24].
Because servings of foods tend to be better received than nutrients or grams in public health,
we calculated the number of standard Australian serves provided on average by the MedDiet [30].
Based on the average gram content, the MedDiet provides approximately seven serves of bread, four
serves of cereals, five serves of vegetables, 1.5 serves of potato, 1.5 serves of fruit, 0.5–0.75 serves of
meat, 0.5 a serve of cheese, and one serve of dairy per day, as well as one serve nuts and three serves of
legumes and fish per week. Popular Mediterranean pyramids recommend at least 3–4 weekly serves
of nuts, and at least three daily serves of fruit, and usually fewer serves of potato. Considering the
averages were based primarily on observation studies these difference are understandable—there
appears to be a mismatch between the reality of what Mediterranean populations are eating and
pyramid definitions of the MedDiet. This is one limitation of this review, which did not attempt to
distinguish between definitions of the MedDiet based on whether they came from observations of diet,
or intervention diets.
This review was limited by several other factors. Limited reporting of key nutrient or bioactive
molecules has already been mentioned. Only four of 12 food groups had gram values from all
15 data sets. Only energy and fibre was provided by all eight studies, and seven provided the
per cent contribution to total energy intake from the macronutrients. Three reported amounts of
fats, protein and carbohydrates in grams, and only four reported on other key nutrients including
calcium, potassium, phosphate, magnesium, sodium, folate and vitamins A, E and C. There was rarely
information provided on sugar, sources of sugar (e.g., desserts or sweets) or wild greens and other
herbs, known sources of antioxidants. The average values must be interpreted with some caution.
There were inconsistencies in classification of food groups. For example, the fruit and nuts group
consisted only of fruits for intakes reported by Varela-Moreiras et al. [23] and Alberti-Fidanza et al. [39].
Potentially, separation of fruits and nuts would be worthwhile, as nuts appear to have an independent
role in health [48]. Little information was given on the diet formation when administered as an
intervention. It was often unclear whether there was consideration for origin of the diet, which (if any)
previous research it had been modelled on, and where and how foods were sourced.
It may be becoming increasingly important to distinguish between observed modern MedDiets
and the traditional model based primarily on the Cretan, Greek and Southern Italian diets of 1960
and prior, as countries move towards a more Westernised eating pattern. Most pyramids and general
descriptions are still based on traditional practices. However the intervention diets included in the
review were in some cases “inspired” by the MedDiet but had distinct differences to typical traditional
diets. Ambring et al. [33] formulated an intervention diet with less calories and total fat than the control
diet, despite the traditional MedDiet typically being high in energy and moderate to high in total
fat. Several of the observations were of modern MedDiets, for example Spain in the early 2000s [23].
If the uniqueness of the traditional diet is lost, the longevity and protection against CHD observed in
the Seven Countries Study may also be lost. However, arguably it is prudent to include modernised
MedDiets in the definition, which incorporate new health research and allow for changes in food
supply and habits, such as was done in the formation of the MDF pyramid [5]. It may no longer be
possible to follow a traditional diet for most populations, especially outside of Mediterranean countries.
4. Materials and Methods
To define the MedDiet a literature review was performed. Databases PubMed [49], MEDLINE [50],
Science Direct [51], Academic Search Premier [52] and the University of South Australia
Library Catalogue [53] were searched using the following search terms; “Mediterranean diet”,
“Mediterranean dietary pattern”, Mediterranean, and content, nutrient *, “nutrient content”,
definition, define *, pyramid, and “number of serve *”, flavonoid *. Definitions were classified
into one of four categories for the purpose of this review: (1) general descriptive definitions;
(2) diet pyramids/numbers of servings of key foods and serving size; (3) grams of key foods/food
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groups; and (4) nutrient and flavonoid content. Total intakes of other phytochemicals, including total
polyphenols, phytosterols and carotenoids, were reported by n < 2 papers which was deemed
insufficient information to draw conclusions from. Papers were included in the review if they defined
the MedDiet in at least two of the above four ways. This included studies reporting the dietary intake of
a Mediterranean population in an observational capacity, presenting a Mediterranean menu designed
based on evidence, or studies using a Mediterranean diet as an intervention where the grams of foods
and/or nutrient content was reported. All studies were published in English. There was no restriction
on study design, date of publication or sample characteristics. MedDiets used for weight loss purpose
were excluded due to caloric and food restrictions. Studies reporting less than five nutrients or food
group quantities were excluded. Where the same MDS had been applied using identical cut-off values
in separate articles, only the original paper was included.
To define the diet by quantity of foods in grams or milllitres, the mean intake was recorded
for major foods or food groups. Twelve groups were included (bread, all cereals, legumes, potatoes,
all vegetables, fruits/nuts, meat/meat products, cheese, all dairy, eggs, olive oil and fish), based on
available data. For the all cereals, all vegetables and all dairy groups, if not originally reported the
sum of individual components was used; for all cereals, bread and cereals were combined, for all
vegetables, potatoes and other vegetables were combined and for all dairy, cheese, yoghurt and milk
were combined. Using standard Australian serving sizes [30] the gram value was converted to numbers
of serves to provide a defining range or number of servings for key food groups. To define the diet by
nutrient intake, the mean of all studies reporting at least five of the following was calculated; energy,
total fat, SFA, MUFA, protein, percentage energy contributions from total fat, SFA, MUFA, PUFA,
protein, carbohydrate, MUFA:SFA, fibre, vitamin C, folate and potassium. The percentage energy
contributions of macronutrients and the MUFA to SFA ratio were calculated based on total gram value
where not originally reported.
5. Conclusions
High level evidence from the PREDIMED [15] study shows the MedDiet can improve
cardiovascular and cognitive health, which will help guide dietary guideline development for
prevention of chronic disease. To help understand the mechanisms of benefit of the MedDiet, we require
a definition of the MedDiet which is consistent and describes not only the principles generally, but the
nutrient and bioactive content. This is the first review to collate information from across a wide range
of different studies, to summarise the general descriptions, servings of foods, grams of key food groups
and nutrient and flavonoid content of the MedDiet. The average nutrient content of the diet resulting
from this review was relatively consistent amongst different studies. This may be a useful working
definition, and could improve a priori scoring systems which currently rely on grams of foods rather
than nutrient content. Consideration for the geographical location of data collection, sample size,
and methodological aspects was beyond the scope of this review, but may be necessary to improve
the definition. Examining additional foods, nutrients and bioactive compounds and including an
assessment of methodological quality of studies could improve this definition further.
Supplementary Materials: Supplementary materials can be accessed at: http://www.mdpi.com/2072-6643/
7/11/5459/s1, Table S1: Study design, objectives, methods, outcomes and details of the MedDiet for each
paper included in the review, Table S2: Full list of nutrient content presented by studies defining the MedDiet,
intakes presented as total per day.
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Abstract: The synergies and cumulative effects among different foods and nutrients are what produce
the benefits of a healthy dietary pattern. Diets and dietary patterns are a major environmental
factor that we are exposed to several times a day. People can learn how to control this behavior
in order to promote healthy living and aging, and to prevent diet-related diseases. To date,
the traditional Mediterranean diet has been the only well-studied pattern. Stroke incidence, a number
of classical risk factors including lipid profile and glycaemia, emergent risk factors such as the
length of telomeres, and emotional eating behavior can be affected by genetic predisposition.
Adherence to the Mediterranean diet could exert beneficial effects on these risk factors. Our individual
genetic make-up should be taken into account to better prevent these traits and their subsequent
consequences in cardiovascular disease development. In the present work, we review the results of
nutritional genomics explaining the role of the Mediterranean diet in human cardiovascular disease.
A multidisciplinary approach is necessary to extract knowledge from large-scale data.
Keywords: nutrigenetics; dietary pattern; prevention
1. Introduction
1.1. Dietary Patterns
Food patterns refer to the consumption of differing amounts, proportions, and combinations of
diverse foods and beverages, and the variations in the frequency of their intake. The relevance of overall
high-quality food patterns should be taken into consideration as the synergies and cumulative effects
among different foods and nutrients are behind their health benefits [1]. A single-variable approach
has been traditionally followed in nutritional studies. One consequence of this has been to promote
debate among proponents of single-nutrient causes and solutions to diet-related health problems [2].
Diets are more than the sum of their components, and this has been a fundamental concern with the
one-variable-at-a-time (OVAT) approach due to the fact that the multidimensional essence of nutrition
is not captured. Moreover, diets form only part of a healthy lifestyle recommended for the treatment
of numerous complex and multifactorial diseases such as cardiovascular ones. Dietary patterns are a
major environmental factor that people are exposed to numerous times a day during their lives. Diet is
also the environmental factor that people can learn to control from early on to prevent diet-related
diseases and promote healthy living and aging.
A healthy dietary pattern, such as the Mediterranean diet, can be a useful and complementary
tool to better control classic cardiovascular risk factors within the frame of lifestyle recommendations.
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In this regard, the first step in hypertension and other cardiovascular risk factors management
is to follow a healthy diet, such as the traditional Mediterranean diet [3] or the DASH
(Dietary-Approaches-to-Stop-Hypertension) diets [4]. Both diets are characterised by foods rich in
phytochemicals, such as fruit and vegetables, which have been inversely associated with high blood
pressure and hypercholesterolemia, among other cardiovascular risk factors.
However, the specific characterization of a dietary pattern remains a challenge because it is
hampered by the complexity of interpreting multidimensional dietary data. Interactions between
diet and the human genome have led to intense research and debate regarding the effectiveness
of personalized nutrition as a more adequate tool to prevent chronic diseases than the traditional
one-size-fits all recommendations [5]. The nutritional genomics field, although still in its early stages,
offers encouraging results for its widespread incorporation into clinical practice.
1.2. The Mediterranean Dietary Pattern
The traditional Mediterranean diet refers to dietary patterns found in olive-growing areas of the
Mediterranean region since the 1960s [6]. It is considered a single entity consisting of diet-variants from
each region in the Mediterranean basin. It is based on an abundant and daily consumption of olive oil,
which is the main source of fat, and is characterized by: (a) high intake of vegetables, fruit, legumes,
whole grains, nuts, and seeds; (b) frequent (and moderate) intake of red wine with meals; (c) moderate
consumption of seafood, fermented dairy products (cheese and yogurt), poultry, and eggs; and (d)
low consumption of red meat, meat products, and sweets. Moreover, the Mediterranean dietary
pattern also encompasses daily physical activity, proper hydration (approximately 2 L of water a day)
and social eating habits [7]. Olive oil is considered a hallmark of this dietary pattern, resulting in
high intakes of monounsaturated fatty acids (MUFA) and lower intakes of saturated fatty acids (SFA).
The Mediterranean diet may not be markedly different from other recommended diets worldwide
but its basic element, olive oil, makes it unique and contributes an additional value to its health
benefits [8]. To the best of our knowledge, the Mediterranean diet is the only dietary pattern that,
to date, has been investigated in depth and that is why the present review is based on this dietary
pattern. Current knowledge from observational studies supports its instrumental role in the context of
cardiovascular disease (CVD) prevention. As yet, few randomized, dietary intervention trials have
been performed assessing long-term effects of a diet intervention, with a solid design, in primary and
secondary prevention. The Lyon Diet Heart Study reported the benefits of a Mediterranean-type dietary
pattern on the secondary prevention of CVD with 605 volunteers who had suffered a first myocardial
infraction [9]. The protective effect of the diet was maintained up to 4 years after the first infarction.
The most relevant impact of the traditional Mediterranean diet (TMD) as a primary protection against
cardiovascular endpoints has only recently been described in the PREDIMED (PREvencion con DIeta
MEDiterranea) study [10,11]. The PREDIMED study was a randomized, controlled and large-scale
(n = 7447) intervention trial which tested the long-term effects (5-year follow up) of the TMD on incident
cardiovascular diseases. The PREDIMED study reported, for the first time, high-level evidence of the
primary prevention for cardiovascular events such as a hard composite endpoint (myocardial infarction,
stroke, and cardiovascular mortality) [10,12], stroke [10], atrial fibrillation [13], type-2 diabetes [14],
and peripheral vascular disease [15]. In addition, an improvement of the classic cardiovascular risk
factors, at the medium and long term, in high-risk individuals was described after adherence to the
traditional Mediterranean diet.
Traditionally the healthy benefits of the Mediterranean diet have been attributed to its richness in
antioxidants. Antioxidant compounds can exert their beneficial effects through chemical reactions,
once incorporated into the organism, but also during the digestion of the diet components.
The anti-inflammatory effects in addition to the antioxidant ones, the formation of nitrolipid
compounds, the viability of the cell-membranes and monolayers, and the modification of the microbiota
can be other remarkable mechanisms. Furthermore, the mechanism of action of antioxidants, and other
nutrients, is very much related to their capacity to modulate gene and protein expression.
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1.3. Methods
Our aim is to present evidence concerning the well-researched Mediterranean dietary pattern
included in nutritional genomics studies. A literature review was performed in MEDLINE up to
July 2015. The search aimed to identify current knowledge on nutritional genomics mechanisms
that could explain the beneficial effects of the Mediterranean diet on preventing cardiovascular
diseases. The following Medical Subject Heading Terms (MESH) were used: Mediterranean diet,
humans, nutritional genomics, nutritigenomics, nutrigenetics, dietary pattern, epigenomics,
interventions, studies. In the present review, we revised more than 70 English articles. Those describing
nutritional genomics mechanisms, after adherence to the Mediterranean dietary pattern, in human
intervention studies were finally included. Nutritional genomics mechanisms and studies on issues
other than the Mediterranean dietary pattern were not the objective of the present review.
2. Nutritional Genomics Mechanisms
Our genetic predisposition is responsible for a percentage of CVD risk that varies among people.
Genetic predisposition could explain a great part of the differential responses observed in individuals
after the same dietary treatments, and could help health professionals personalize even more their
recommendations. Nutritional genomics has emerged as a relatively new field of research assessing
the mechanisms by which nutrients and dietary patterns interact with our genome at different stages.
It embraces a systems biology approach to evaluate individual risk factors in the light of genetic
diversity at the transcriptome, genetic, metabolome, and epigenome levels (Figure 1) [16].
Figure 1. Proposed nutritional genomics mechanisms. The “Nutri-” prefix in the name of each of the
4 categories defines the influence of nutrition on genomics/epigenomics, proteomics, metabolomics
and genetics/epigenomics.
The integration of data from all these areas of complexity needs advanced computational
methodology to establish networks of interacting biological components and determine linked
activities. The goal of nutritional genomics is to take into consideration the complexity of dietary
patterns, culture, and metabolic processes that lead to health or disease, and to provide personalized
and precise recommendations to prevent common, multifactorial diseases decades before their
clinical manifestation.
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To the best of our knowledge, conclusive evidence for the effects of interactions between genes
and dietary patterns on cardiovascular health is lacking. Genome-wide interaction studies (GWIS)
are a real possibility in order to identify specific gene-diet interactions even though providing the
necessary sample size presents some difficulty [17]. We review here the current results of nutrigenetics,
nutrigenomics, nutri-metabolomics, nutri-epigenomics, nutri-epigenetics, and nutri-miRomics related
to Mediterranean diet interventions in humans. Table 1 summarizes the relevant studies. The majority
of these studies include mainly Spanish populations and have been performed in the framework of
PREDIMED study. We strongly encourage the design and performance of similar studies, in terms of
design and follow-up duration, in different populations, to further confirm current results.
2.1. Nutrigenetics
Nutrigenetics aims to gain greater understanding of the mechanisms associated with
inter-variability among individuals and to develop more personalized dietary recommendations.
Genetic predisposition in humans is arising as a main factor to identify sub-groups that would benefit
from dietary interventions. There is increasing evidence that individuals with different genotypes
respond differently to diet. Genotyping methods detect the most common form of genetic variants,
called single nucleotide polymorphisms (SNPs), in the human DNA sequence. The SNPs constitute
the genetic fingerprint of each person, and genome-wide association studies (GWAS) assess the
relationships between SNPs and concrete observable traits (phenotypes) [18].
The PREDIMED results support the notion that individual genetic predisposition toward CVD
risk could be influenced by dietary components, mainly by a stricter adherence to the Mediterranean
diet pattern. Corella et al. studied the genetic predisposition to present increased fasting glucose,
total cholesterol, LDL cholesterol, triglyceride (TG) concentrations, and stroke incidence in homozygote
individuals for the T allele of the rs7903146 polymorphism in the TCF7L2 (transcription factor 7-like 2)
gene. They found that this predisposition could be attenuated by adherence to the Mediterranean
diet [19].
Other genetic variants were also found to be protective. This is the case of the rs3812316 functional
single nucleotide polymorphism (SNP) at the MLXIPL (Max-like protein X interacting protein-like)
gene [20]. This SNP has been associated with lower systemic TG concentrations. Using data from
the PREDIMED study, Ortega-Azorin replicated previous associations with TG concentrations and
showed that they were modified by adherence to a Mediterranean diet. Thus, the potential CVD
protection was enhanced in individuals who had higher adherence to the Mediterranean diet. Most
importantly, the reduction in CVD risk that was associated with the Mediterranean diet, as shown in
the whole PREDIMED study [10], was significantly enhanced in carriers of the minor, G allele, at this
MLXIPL locus.
Recently, leukocyte telomere length, considered as a potential biomarker of biological age, has
also been described as being involved in the gene-diet interaction in the PREDIMED study [21]. In this
work, DNA from 521 participants of the PREDIMED Study was genotyped for the presence of the
Ala allele in rs1801282 SNP of the PPARγ2 (peroxisome proliferator-activated receptor gamma) gene.
It was observed that the presence of the Ala allele prevented telomere attrition associated with aging.
Higher adherence to the Mediterranean dietary pattern showed benefits after a 5-year follow-up
in subjects with the Ala allele because they had longer telomeres. The authors concluded that this
gene-diet interaction (rs1801282-Mediterranean diet) could have an added value in the improvement
of personalized dietary recommendations based on genetic predisposition to achieve healthy aging
and lower CVD risk.
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Garcia-Rios et al. have proposed that dietary recommendations in individuals with metabolic
syndrome may also require a more personalized approach [22]. They have studied genetic variation
at the CLOCK (circadian locomotor output cycles kaput) gene and their data support the hypothesis
that a habitual consumption of a healthy diet, such as the Mediterranean one, could contribute to
triggering glucose metabolism through interactions with the rs1801260 SNP in the CLOCK gene.
Lopez-Guimera et al. have analyzed the role of emotional eating behavior and the interaction of the
same CLOCK 3111 T/C polymorphism on the effectiveness of a weight-loss program. In a 30-week
follow-up with a Mediterranean population, they reported that the CLOCK 3111 T/C SNP interacted
with emotional eating behavior to modulate total weight loss [23].
Glycaemia, lipid profile, stroke incidence, telomeres length, and emotional eating behavior are
some of the characteristics that have been seen to be affected by genetic predisposition and adherence
to the Mediterranean diet. Thus, taking into account individual genetic make-up can be useful in the
management and control of these traits and their subsequent consequences in CVD development.
2.2. Nutrigenomics
Nutrition researchers have acknowledged that gene–diet interactions could play a major role in the
development of and protection against chronic degenerative diseases [24]. Although the mechanisms
behind statistically significant associations and interactions remain unclear, given the continuous
novel knowledge being obtained about the genome [36], some of the ambiguities are being resolved.
Nutrients may influence gene expression directly as ligands for nuclear receptors or indirectly by
inducing epigenetic modifications without changing the underlying DNA sequence. Gene expression
changes are measured in the level of messenger RNA (mRNA) by transcriptomic techniques [37] such
as, but not limited to, microarrays and real-time reverse transcription PCR [38].
The high antioxidant content of the Mediterranean diet could be one of its protective mechanisms
of action. Antioxidants have the capacity to modulate gene, protein expression [25] and subsequently,
metabolite production [29]. Oxidation and inflammation are intertwined processes, and when sustained for
a long period may be involved in the physiopathology of many diseases [39]. Indeed, chronic inflammation
is another key patho-physiological factor in the development of obesity, type-2 diabetes, and CVD.
Previous nutrigenomic intervention studies have shown that the Mediterranean diet pattern has a
protective effect on the expression of pro-atherosclerotic genes involved in vascular inflammation,
foam cell formation, and thrombosis [24–26]. In addition, adherence to a Mediterranean dietary pattern
may protect against artery wall production of inflammatory mediators [26,27]. Moreover, recent nutrition
research has indicated that our diet is able to influence, directly or indirectly, the immune system and
well-being, and thus affects inflammatory disease development [40–42].
In an overall transcriptomic study within the PREDIMED study, the principal pathways in the
physiopathology of cardiovascular events, such as atherosclerosis, renin-angiotensin, nitric oxide and
angiopoietin signaling, were modulated by TMD + EVOO, whereas hypoxia and eNOS signaling
pathways were modified by TMD enriched with EVOO or nuts [28]. After simultaneous testing
adjustment, 9 pathways were modulated by TMD + EVOO and 4 by TMD+Nuts while none of the
pathways changed in the control group. Thus, a higher overall modulation of gene expression was
observed after adherence to a Mediterranean diet. In this regard, it can also be considered as a better
adaptive response to detrimental factors, such as a mechanism for hormesis [43].
Gene expression changes have been reported in humans, both after the Mediterranean diet
and olive oil consumption at postprandial or sustained time [24]. Changes in the regulation of
gene expression are reflected in fingerprinting patterns that could prove very useful for the future
development of biomarkers. However, caution should be exercised due to heterogeneity of the studies
assessing gene expression changes in human tissues and body fluids. Further research on larger
population sizes, with robust designs and standardized methodologies, is required before definite
nutrigenomic-based recommendations can be formed.
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2.3. Nutri-Metabolomics
Metabolomics aims to study the entire small molecule (metabolite) complement of a system.
Metabolites are defined as possessing an atomic mass inferior to 1.5 kDa and can be exogenous,
endogenous, or derived from microbiome metabolism. A huge variety of metabolites exists,
including peptides, lipids, nucleotides, carbohydrates, amino acids, and carbohydrates [44,45].
The effects of an intervention based on the Mediterranean dietary pattern were assessed by
Bondia-Pons et al. [29]. They used liquid chromatography coupled to the quadrupole-time of a flight-MS
(LQ-QTOF/MS) metabolic profiling technique to screen plasma from individuals with MetS features
who participated in the Metabolic Syndrome Reduction Study in Navarra (RESMENA), a randomized,
controlled trial. It was reported that a two-month pattern based on the Mediterranean diet produced
significant changes in plasma metabolic profile. However, and in spite of the fact there were associations
between metabolic and clinical variables, these changes disappeared after six months, suggesting that
compliance had declined during the self-control period.
Nutri-metabolomic effects were also assessed within the frame of the PREDIMED study.
Metabolomics results enabled the classification of individuals according to their specific food
consumption or dietary patterns. Vazquez-Fresno et al. studied the metabolomics pattern of non-diabetic
participants in the PREDIMED study after one and three years of follow-up [30]. The Proton nuclear
magnetic resonance (1H NMR) urinary metabolome profile was analyzed in the participants who
were classified as consuming either a low fat diet or a Mediterranean one. Results showed that the
most prominent hallmarks in the groups that followed the Mediterranean diet were related to the
metabolism of carbohydrates (3-hydroxybutyrate, citrate, and cis-aconitate), creatine, creatinine, amino
acids (proline, N-acetylglutamine, glycine, branched-chain amino acids, and derived metabolites),
lipids (oleic and suberic acids), and microbial co-metabolites (phenylacetylglutamine and p-cresol).
In addition, the dietary walnut fingerprinting by an HPLC-q-ToF-MS untargeted metabolomics
approach has been assessed [31]. Walnut consumption was characterized by 18 metabolites, such
as markers of fatty acid metabolism, ellagitannin-derived microbial compounds, and intermediate
metabolites of the tryptophan/serotonin pathway. Likewise, the urinary metabolome signature of
cocoa intake in PREDIMED participants has been reported [32].
Metabolomic profile has been also characterized in the elderly. Gonzalez-Guardia et al.
investigated the effect of the Mediterranean diet when supplemented with coenzyme Q10 in elderly
men and women after 4 weeks of intervention [33]. Greater hippurate urine levels were described
after the Mediterranean diet + CoQ and higher phenylacetylglycine levels after saturated fat diet
consumption in women. These results suggest that the long-term consumption of a Mediterranean
diet supplemented with Q10 could exert benefits on healthy aging and on the prevention of processes
related to chronic oxidative stress.
Gut microbiota play a key role in CVD; having being identified as a possible novel CVD
risk factor, they represent a realistic therapeutic target [46]. The microbiome-gut-brain axis links
human physiology (and pathology) to millions of other microorganisms that share the same host.
The microbiome is affected by dietary intake [47] and specific dietary factors (carbohydrate, protein,
and Mediterranean foods) seem to regulate CVD risk factors through the modulation of microbial
populations and activities [48].
Microbiota also appear to play a critical role in the clock–nutrition interplay. Our circadian clock
is a highly specialized and stratified network that drives and orchestrates proper rhythms for organism
homeostasis. It operates as a critical interface between nutrition and homeostasis. The circadian clock is
a mechanism calling for more attention concerning the beneficial effects of dietary patterns on disease
prevention and health maintenance; in addition, the disruption of the circadian rhythm may cause
manifestations of metabolic syndrome [49].
Metabolomics results that could serve as future biomarkers of consumption and/or adherence
are increasing. Moreover, nutri-metabolomics studies could offer another level of knowledge for
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nutritional personalization based on our gut microbiota although, once again, further studies are
necessary before solid conclusions can be reached.
2.4. Nutri-Epigenomics and Nutri-Epigenetics
Epigenetics studies the heritable DNA modifications able to regulate chromosome architecture
and modulate gene expression without changing the underlying sequence. Epigenetic phenomena
are critical for the aging process that takes place from embryonic development to later adult
life. Increasing evidence supports the complex interactions that exist among food components,
dietary patterns, and epigenetic modifications such as histone modifications, DNA methylation,
non-coding RNA expression, and chromatin remodeling factors. Such alterations are among
the hallmarks of age-related chronic inflammatory diseases including metabolic syndrome and
diabetes [50]. In analogy to GWAS studies, epigenome-wide association studies (EWAS) have arisen [51].
The first results demonstrate the central role of epigenomic information and of epigenetic changes in
response to diet and environmental conditions to understand human disease. Nutrition in early life can
induce long-term changes in DNA methylation thus affecting individual susceptibility to a range of
diseases [52].
Nutritional epigenetics is a novel mechanism underlying gene-diet interactions. Epigenetic phenomena
are critical for the aging process, from embryonic development to later adult life, and the complexity
of integrating all these data is a huge multidisciplinary challenge.
2.5. Nutri-miRomics
Nutrimiromics has emerged as a subsidiary field of nutritional genomics assessing how nutrients
affect microRNAs (miRs) and their function. MiRs are small non-coding RNA sequences of single
sequences of 19-24 nucleotides located in intra- or inter-regions of protein coding genes [53].
MiRs have emerged as the major regulators of a great number of physiological processes including
cell differentiation, apoptosis, and lipid metabolism, and they have been reported to regulate glucose
homeostasis, β-cell function, and insulin signaling. The main function of miRs is silencing their target
genes by acting as specific inhibitors of mRNA [54]. The complementarity between miRs and mRNA
is not always perfect and, depending on the grade of complementarity, miRs could induce mRNA
degradation, de-adenylation, and transductional repression [55].
Numerous SNPs in miRs-target sites have also been demonstrated to have allele-specific effects.
For example, the minor allele of the SNP rs13702 in the 31 untranslated region (31 UTR) of the lipoprotein
lipase (LPL) gene disrupts a miRs recognition element seed site for the human miRNA-410, resulting in
a gain-of-function and lower plasma TG [34]. This work has revealed that the molecular basis for some
of the observed cardiovascular effects could involve differential regulation by miRs [34]. Corella et al.
reported a novel association between a microRNA target site variant and stroke incidence, modulated
by a high-unsaturated-fat Mediterranean diet in terms of decreasing TG levels and possibly stroke
risk in rs13702 C allele carriers, within the frame of the PREDIMED Study [35]. MicroRNAs have
emerged as relevant epigenetic regulators in cardiovascular diseases. The study of miRNA target site
polymorphisms as functional variants could contribute to a better understanding of the mechanisms
of physio-pathology of CVD, among others.
3. Conclusions
The interactions among food and nutrients, calorie intake, meal frequency and timing,
single-nutrient modifications, microbiota, and genetic predisposition in modulating the key
mechanisms that maintain cellular tissue and organ function during aging are not yet well-established.
However, individual genetic variation should definitely be taken into account before developing
personalized recommendations. The Mediterranean dietary pattern, which is more than just a diet,
is to date the most studied at the level of evidence-based medicine. Nutritional genomics embraces
and researches different aspects of nutrition-related molecular mechanisms at all levels of systems
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biology approach such as transcriptomics, genomics, genetics, and metabolomics. Although the
benefits of the traditional Mediterranean diet in the prevention of cardiovascular disease have been
assessed, the nutritional genomics mechanisms are yet to be fully elucidated. Data reported in the
present review has not yet been fully replicated in different ethnic populations, ages, genders, and
physiopathological conditions. The nutritional genomics field is quickly advancing but a great deal of
effort is yet required from the scientific community, in different disciplines, to establish the subjacent
mechanisms linked to the nutritional genomics of the healthy benefits of Mediterranean diet on
cardiovascular diseases. The integration of OMICS, both at a single-OMICS level or preferably at
a multi-OMICS one, will be crucial to better understand the inter-individual mechanisms behind the
conferred protection of the traditional Mediterranean diet as well as to gain greater knowledge with
respect to personalized nutrition. An integrative approach is necessary to extract conclusions from
large-scale data. Further nutritional genomics research, at all levels, will be necessary to evaluate
optimal “doses” of this dietary pattern, from an early stage in utero gestation until later adult life,
to control diet-related disease, and to promote healthy living and aging.
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Abstract: The aim of this paper is to analyze the a priori dietary indexes used in the studies
that have evaluated the role of the Mediterranean Diet in influencing the risk of developing
cardiovascular disease. All the studies show that this dietary pattern protects against cardiovascular
disease, but studies show quite different effects on specific conditions such as coronary heart
disease or cerebrovascular disease. A priori dietary indexes used to measure dietary exposure imply
quantitative and/or qualitative divergences from the traditional Mediterranean Diet of the early
1960s, and, therefore, it is very difficult to compare the results of different studies. Based on real
cultural heritage and traditions, we believe that the a priori indexes used to evaluate adherence to
the Mediterranean Diet should consider classifying whole grains and refined grains, olive oil and
monounsaturated fats, and wine and alcohol differently.
Keywords: Mediterranean diet; cardiovascular disease; coronary heart disease; cerebrovascular disease;
a priori dietary indexes
1. Introduction
Diet is a very complex exposure variable in nutritional epidemiology. In the last years, the attention
of scientists has moved from single foods or nutrients to dietary patterns, namely, the overall food
consumption in the diet, that is, a holistic approach to study items that are highly interrelated and
influence their impact on the risk of non-communicable chronic diseases [1]. There are two distinct
approaches to examine overall dietary exposure: a priori and a posteriori. The first is based on the
construction of an index on the basis of knowledge about the relationship between foods and diseases
(sometimes synthesized in dietary guidelines) [2] or food consumption models (Mediterranean type
diet, prudent diet, step I American Heart Association diet, and so on) [3]. The index is then used as
a dietary exposure variable in epidemiological studies [2]. Conversely, the a posteriori approach is
based on multivariate statistical techniques that identify sets of dietary exposures strongly correlated
together and not previously known [3].
The a priori approach has been widely used in epidemiological studies to evaluate the relationship
between the Mediterranean Diet and several outcomes such as cardiovascular incidence and mortality,
risk factors for cardiovascular diseases, and incidence of major chronic non-communicable diseases.
We present a description of a priori dietary indexes used in the epidemiological studies that
examined the relationship between the Mediterranean Diet and cardiovascular disease in this article.
Then, we proceed to critically evaluate them.
Nutrients 2015, 7, 7863–7888 28 www.mdpi.com/journal/nutrients
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2. Methods
PubMed was searched until May 2015 to find publications on the Mediterranean Diet and
cardiovascular disease, using “Mediterranean Diet” matched with “coronary heart disease”,
“cerebrovascular disease”, “stroke”, “cardiovascular disease”, “dietary score” and “dietary index” as
key words.
3. Results
We found 26 studies that evaluated the relationship between the Mediterranean Diet and
cardiovascular disease (Table 1). We also found five original a priori dietary indexes used to evaluate
dietary exposure in such studies: Mediterranean Diet Score [4], Dietary Score [5], Mediterranean Adequacy
Index [6], a priori Mediterranean Dietary Pattern [7], PREvención con DIeta MEDiterránea (PREDIMED)
score [8]. Moreover, we found nine indexes derived from the original Mediterranean Diet Score
(Table 2). We found only one index, the Mediterranean-Style Dietary Pattern Score, used to assess the
conformity of an individual’s diet to a traditional Mediterranean Diet [9].
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4. Review
4.1. The Mediterranean Diet Score (MDS)
The MDS was the first index used to study adherence to the Mediterranean Diet in the population
and it was developed by Trichopoulou et al. in 1995 [4]. It was based on eight main characteristics:
monounsaturated fats (MUFAs) (from olive oil): saturated fats (SFAs) ratio; cereals (with inclusion of
bread and potatoes); vegetables; fruit and nuts; legumes; alcohol; meat and meat products; and milk
and dairy products. The score did not take into account sugars and syrups since, at that time, they had
not been documented as dangerous for the health except for the total energy intake. The gender-specific
median value was used as a cut-off point for each component. The hypothesis to be verified was that a
diet with a high intake of cereals, vegetables, fruit, olive oil and legumes, a low intake of meat and dairy
and a moderate intake of alcohol was healthy. The index was applied to elderly people, inhabitants
of three rural Greek villages, who still followed the traditional Mediterranean Diet, with the aim of
evaluating the relationship between adherence to diet and overall mortality [4].
The MDS was then used to examine the adherence to Mediterranean Diet and its relationship
with coronary heart disease (CHD) in a random sample of 1159 Jewish people in Israel. In men, the
odds ratio (ORs) for myocardial infarction, coronary bypass, angioplasty and any other cardiovascular
disease (CVD) were 1.23 (p = 0.04), 1.56 (p = 0.01), 1.42 (p = 0.003), and 1.28 (p < 0.01), respectively,
for each decrease in the MDS (score 0–8) in the logistic regression models adjusted for hypertension,
hypercholesterolemia, diabetes mellitus, age, education, body mass index, and place of birth. A similar
trend was observed in women, but no statistically significance was evident. In this study the mean
consumption of olive oil was 0.82 g per day per person and the major contributors to MUFAs were
canola oil, sunflower oil and dairy [10].
Very recently, the MDS was applied to a population study of 900 Turkish people in Alanya.
After 5.1 years of follow-up, men with lower adherence to the Mediterranean Diet (score 0–4) had a
higher risk of CHD morbidity (multivariate adjusted OR: 2.2; 95% CI (confidence interval): 1.03, 3.9;
p = 0.03) compared to men with higher adherence (score 5–8). No association was found in women.
In this study CHD was defined as myocardial infarction or coronary bypass or coronary angioplasty.
Note that fish consumption was very low (2%) in this cohort and the consumption of olive oil was 0.9
g per day per person; the majors contributors to MUFAs were corn and sunflower oils [11].
In 2003 the MDS was updated by Trichopoulou et al. with the inclusion of another component, a
moderate fish consumption and, just like in the previous study [4], each component received a value
of 0 or 1 using the cut-off value of the gender-specific median. Subjects were assigned a value of 0 if
the consumption of components considered beneficial (vegetables, legumes, fruit and nuts, cereals,
fish, MUFAs:SFAs ratio) was below the median, whereas individuals were assigned a value of 1 if they
had a consumption of beneficial food at or above the median. Otherwise, people with consumption of
components considered harmful (meat, poultry, and dairy products) below the median were assigned a
value of 1, whereas people with consumption at or above the median were assigned a value of 0. With
regards to alcohol, a value of 1 was assigned to subjects consuming a moderate amount (i.e., between
10 and 50 g per day for men and between 5 and 25 g per day for women) and a value of 0 otherwise.
Therefore, this MDS with fish (t-MED) ranged from 0 (minimal adherence to Mediterranean Diet) to
9 (maximal adherence to Mediterranean Diet) [12]. In the Greek cohort of the European Prospective
Investigation into Cancer and Nutrition (EPIC) study, 22,043 adults were followed for a median of
44 months, examining the relationship among diet and total mortality, CHD mortality and cancer
mortality. A two-point increase in the t-MED was associated with a reduction in CHD mortality by 33%
(multivariate adjusted hazard ratio (HR): 0.67; 95% CI: 0.47, 0.94) [12]. A contemporary study showed
that dietary habits resembling the traditional Mediterranean Diet were widespread in Greece [36].
The Greek EPIC cohort has been followed in relation to CHD [13] and cerebrovascular disease [14].
During a median period of 10 years, a two-point increase in the t-MED was associated with a decrease
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in CHD mortality by 22% (multivariate adjusted HR: 0.78; 95% CI: 0.66, 0.92; p for trend = 0.003) and a
non-significant reduction in CHD incidence (multivariate adjusted HR: 0.92; 95% CI: 0.84, 1.02; p for
trend = 0.115) [13]. A two-point increase in t-MED was inversely associated with cerebrovascular
disease incidence (multivariate adjusted HR: 0.85; 95% CI: 0.74, 0.96) during a median period of
10.6 years. In the subgroups analyzed by gender, the association was significant in women (multivariate
adjusted HR: 0.81; 95% CI: 0.67, 0.98) but not in men. Overall, the protective effect of adherence to the
Mediterranean Diet, evaluated by the t-MED, was evident in the incidence of ischemic (multivariate
adjusted HR: 0.54; 95% CI: 0.29, 1.01; p for trend = 0.048) but not on the incidence of hemorrhagic
cerebrovascular disease. The association between t-MED and cerebrovascular disease mortality was
not significant [14].
Very recently, the t-MED was evaluated in 20,197 subjects enrolled in the Reasons for Geographic and
Racial Differences in Stroke (REGARDS) study. In this population-based sample of US black and white
adults, during a mean follow-up period of 6.5 years, a higher adherence to the Mediterranean Diet
(score 5–9) was associated with a lower risk of incident ischemic stroke in comparison with a lower
adherence (score 0–4) (multivariate adjusted HR: 0.79; 95% CI: 0.65, 0.96; p = 0.016). A one-point
increase in t-MED was independently associated with a 5% reduction in the risk of incident ischemic
stroke (95% CI: 0%, 11%). No association was found between incident hemorrhagic stroke and
t-MED [15]. With the exception of potatoes, the used dietary and the t-MED scores had the same
components in this study but they were built differently.
The t-MED, applied to the Seguimiento Universidad de Navarra (SUN) study, a Spanish cohort of
13,609 young graduates, followed for a median of 4.9 years, was inversely associated with CVD
and CHD. CVD was a composite outcome of myocardial infarction mortality, stroke mortality,
acute coronary syndromes, revascularization procedures, and stroke. A higher adherence to the
Mediterranean Diet (score 7–9) was associated with a lower risk of developing CVD (multivariate
adjusted HR: 0.41; 95% CI: 0.18, 0.95; p for trend = 0.07) and CHD (multivariate adjusted HR: 0.42;
95% CI: 0.16, 1.11; p for trend = 0.04). A two-point increase in the t-MED was associated with a 20%
decrease in CVD risk (multivariate adjusted HR: 0.80; 95% CI: 0.62, 1.02) and a 26% reduction in CHD
risk (multivariate adjusted HR: 0.74; 95% CI: 0.55, 0.99). It is noteworthy that using a t-MED built
without cereals, namely a score with eight components, the inverse association between adherence to
the Mediterranean Diet and CVD became significant (p for trend = 0.03) and the negative relationship
between adherence to the Mediterranean Diet and CHD became more evident (p for trend = 0.01).
Since both refined cereals and whole grains are considered a unique category in the t-MED, the authors
hypothesized a negative impact from refined cereals on CVD risk [16]. Refined cereals have a negative
impact on CVD risk because they raise the diet glycemic load, which has been associated with a
decrease in HDL cholesterol, increase in fasting plasma triglycerides and fasting insulin, promotion of
oxidative stress, low-grade systemic inflammation, and procoagulant activity [37].
In the Northern Manhattan Study (NOMAS), a multiethnic cohort of 2568 subjects followed for a
mean period of 9 years, the association between adherence to Mediterranean Diet (estimated by the
t-MED) and CVD events was not statistically significant for ischemic stroke and myocardial infarction
but it was for vascular death (multivariate adjusted HR: 0.71; 95% CI: 0.49, 1.04; p for trend = 0.04
between the highest and the lowest quintile of the t-MED). A one-point increase in the t-MED was
associated with a 9% decrease of the risk of vascular death (multivariate adjusted HR: 0.91; 95% CI:
0.85, 0.98; p for trend < 0.05). Consumption of alcohol, fish and legumes were the components driving
the inverse association of t-MED with vascular death [17]. Also in this study, with the exception of
potatoes, the used dietary and the t-MED scores had the same components but were built differently.
The t-MED applied to the Italian cohort of the long-tErm follow-up of antithrombotic management
Patterns In acute CORonary syndrome patients (EPICOR) study involving 40,681 volunteers recruited
from five cities uniformly distributed in the Italian territory and followed for a mean of 7.9 years was
inversely associated with the risk of ischemic stroke, but the trend among the tertiles of intake was
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not significant. The association with the risk of hemorrhagic stroke was positive without a statistic
significance [18].
In a hospital-based case-control study performed in a northern Italian City, 760 patients with a first
episode of non-fatal myocardial infarction were matched with 682 controls by gender and age, admitted
to the hospital for non-neoplastic conditions, unrelated to known risks for myocardial infarction or
dietary modification. Adherence to the Mediterranean Diet was assessed by the t-MED. The risk of a
first episode of myocardial infarction was reduced by 45% (multivariate adjusted OR: 0.55; 95% CI:
0.40, 0.75; p for trend < 0.01) in subjects with higher adherence to the Mediterranean Diet (score ě 6)
as compared to subjects with lower adherence (score < 4). A one-point increase in the t-MED was
associated with a reduced risk of a first episode of myocardial infarction by 9% (multivariate adjusted
OR: 0.91; 95% CI: 0.85, 0.98). High consumption of vegetables and legumes were inversely associated
with non-fatal myocardial infarction risk [19].
A modification of the t-MED was proposed by Trichopoulou et al. in 2005, with the aim of making
the application of t-MED to non-Mediterranean populations, in which the intake of MUFAs from olive
oil was minimal, possible. The modified t-MED (m-MED) was achieved by replacing the MUFAs:
SFAs ratio with the MUFAs + Polyunsaturated fats (PUFAs): SFAs ratio [35].
The m-MED was applied to the Dutch cohort of the EPIC study, EPIC-NL, that included
34,708 participants followed for a mean of 11.8 years. A two-point increase in the m-MED was inversely
and significantly associated with fatal CVD (multivariate adjusted HR: 0.78; 95% CI: 0.69, 0.88),
composite CVD (fatal CVD, non-fatal myocardial infarction, non-fatal stroke) (multivariate adjusted
HR: 0.85; CI 95%: 0.80, 0.91), incident myocardial infarction (multivariate adjusted HR: 0.86; 95%
CI: 0.79, 0.93), incident stroke (multivariate adjusted HR: 0.88; 95% CI: 0.78, 1.00) and pulmonary
embolism (multivariate adjusted HR: 0.74; 95% CI: 0.59, 0.92). No association was found between
m-MED and incident angina pectoris, transient ischemic attack and peripheral arterial disease.
Interestingly, the association of m-MED to fatal CVD, CVD incidence, composite CVD and myocardial
infarction was mostly mitigated when alcohol was excluded from m-MED [24].
In the literature, we identified four variants of t-MED—the score according to Knoops et al. [20], the
alternate Mediterranean Diet Index (a-MED) [38], the relative Mediterranean Diet Index (r-MED) [23],
and the Italian Mediterranean Index [18]—and three variants of m-MED: the score according to
Sjögren et al. [25] and the scores according to Tognon et al. [26,27].
In the Healthy Ageing: a Longitudinal study in Europe (HALE) study, performed in 2339 elderly
people of 11 European countries, Knoops et al. used a modified t-MED based on eight components:
MUFAs: SFAs ratio; legumes, nuts and seeds; cereals; fruit; vegetables and potatoes; fish; meat and
meat products; and dairy products. The intake of each component was adjusted to daily intakes of
2500 kcal for men and 2000 kcal for women. For the first six components considered to be healthy,
a value of 1 was assigned to people whose consumption was at least as high as the gender-specific
median value, and a value of 0 to the others. Reverse values were assigned to the last two components
considered unhealthy. Alcohol was evaluated as a separate lifestyle factor since many studies observed
an independent effect of alcohol on survival. The score ranged from 0 (minimal adherence to the
Mediterranean Diet) to 9 (maximal adherence to the Mediterranean Diet). A score of at least four points
was associated with lower CHD mortality (multivariate adjusted HR: 0.61; 95% CI: 0.43, 0.88) and
CVD mortality (multivariate adjusted HR: 0.71; 95% CI: 0.58, 0.88). The combination of four healthy
lifestyles (high adherence to the Mediterranean Diet, moderate alcohol intake, moderate-high physical
activity levels, nonsmoking) reduced the CHD mortality and the CVD mortality more than 50% in
comparison with none or one healthy lifestyle [20].
The a-MED is a t-MED modified by excluding potatoes from the vegetable group, separating fruit
and nuts into two groups, eliminating the dairy group, including whole-grain products only, including
only red and processed meats for the meat group, and assigning alcohol intake between 5 and 15 g per
day for 1 point. These changes were based on dietary patterns that were consistently associated with
lower risk of chronic disease in clinical and epidemiological studies. The a-MED ranged from 0 to 9 [38].
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In the Nurses Health Study (NHS) a cohort of 74,886 female nurses followed for 20 years, the risk of total
(non-fatal and fatal cases) CHD was lower in the highest quintile of the a-MED compared with the
lowest quintile (multivariate adjusted relative risk (RR): 0.71; 95% CI: 0.62, 0.82; p for trend < 0.0001).
Total stroke (non-fatal and fatal cases) was lower in the highest quintile compared with the lowest
quintile of a-MED (multivariate adjusted RR: 0.87; 95% CI: 0.73, 1.02; p for trend = 0.03). In the a-MED,
alcohol intake could result from regular consumption of beer, spirits or wine while MUFAs resulted
mainly from meat and only minimally from olive oil [21].
In the National Institutes of Health-AARP Diet and Health Study cohort, consisting of 380,296 people
followed for 5 years, the risk of mortality for CVD was significantly lower in men and women with a
higher adherence to the Mediterranean Diet (score 6–9) compared to those with a lower adherence
(score 0–3), evaluated by the a-MED (men: multivariate adjusted HR: 0.78; 95% CI 0.69, 0.87; p for
trend < 0.001; women: multivariate adjusted HR: 0.71; 95% CI: 0.68, 0.97; p for trend = 0.01) [22].
The r-MED was used to evaluate the exposure to the Mediterranean Diet in the Spanish cohort
of EPIC. It derived from t-MED and consisted of nine components. Among these, six components
were considered typical of Mediterranean diet: fruit (including nuts and seeds but excluding fruit
juices); vegetables (excluding potatoes); legumes; cereals (whole and refined grains); fresh fish and
sea foods; and olive oil. Two components were considered not typical of the Mediterranean Diet:
meat and meat products; and dairy products (including low-fat and high-fat milk, yogurt, cheese,
cream desserts, and dairy and nondairy creams). Each component, except alcohol, was measured as
grams per 1000 kcal/day and was divided into tertiles of dietary intakes. A value of 0, 1 and 2 to the
first, second and third tertiles of intake, respectively was assigned to typical components. Non-typical
components were assigned with an inverted score. Alcohol was scored as a dichotomous variable and
2 points was assigned for an intake from 5 to 25 g per day for women and from 10 to 50 g per day for
men. Intakes above or below these ranges were scored 0 points. Then, the theoretical r-MED ranged
between 0 (no adherence) to 18 (maximal adherence). In the multivariate analysis performed on data
for 40,757 subjects of the cohort, followed for a mean of 10.4 years, the risk of fatal and non-fatal
(myocardial infarction or unstable angina requiring revascularization) incident CHD was lower in
subjects with higher adherence to the Mediterranean Diet (score 11–18) compared to subjects with
lower adherence (score 0–6) (multivariate adjusted HR: 0.60; 95% CI: 0.47, 0.77; p for trend < 0.001).
A one-point increase in the r-MED was associated with a 6% lower risk of CHD (multivariate adjusted
HR: 0.94; 95% CI: 0.91, 0.97; p for trend < 0.001). The use of t-MED instead of r-MED was associated
with an almost identical decrease in CHD risk for a two-point increase in both scores [23].
The Italian Mediterranean Index was developed to adapt the t-MED to Italian eating behavior [18].
It consisted of 11 components: six typical Mediterranean food (pasta; typical Mediterranean vegetables;
fruit; legumes; olive oil; and fish), four non-Mediterranean foods (soft drinks; butter; red meat;
and potatoes), and alcohol. People whose consumption of typical Mediterranean foods was in the 3rd
tertile of distribution received 1 point whereas all others received 0 points. People whose consumption
of non-Mediterranean foods was in the first tertile of the distribution, received 1 point, and all others
received 0 points. For alcohol, people whose consumption was up to 12 g per day received 1 point,
whereas abstainers and people whose consumption was >12 g per day received 0 points. The theoretical
score ranged from 0 to 11. This score applied to 40,681 subjects of EPICOR study, followed for a mean
of 7.9 years, was inversely associated with ischemic stroke (multivariate adjusted HR: 0.37; 95% CI:
0.19–0.70; p for trend = 0.001 ) and hemorrhagic stroke (multivariate adjusted HR: 0.51; 95% CI:
0.22–1.20; p for trend = 0.07 ) [18].
The score according to Sjögren et al. was a variant of the m-MED and was applied to a population-
based longitudinal study of 924 Swedish men. Due to a very low intake, nuts and seeds were excluded
by the score and leguminous plants were pooled with vegetables. PUFAs replaced MUFAs because the
consumption of the olive oil in this population was very low and SFAs and MUFAs had similar food
origins and therefore strongly correlated. During a mean follow-up of 10 years, a higher adherence
to the Mediterranean Diet (score 6–8) was associated with a lower risk of CVD mortality by 81%
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(multivariate adjusted HR: 0.19; 95% CI: 0.04, 0.86; p for trend = 0.009) as compared to lower adherence
(score 0–2) [25].
The score according to Tognon et al. was based on eight components: vegetables and potatoes;
fruit and juices; whole grain cereals; fish and fish products; MUFAs + PUFAs:SFAs ratio; alcohol intake;
meat and meat products; and dairy products. The cut-off points were the gender-specific medians and
the value of 0 was assigned to people whose consumption was under the gender-specific median for
the first six components and above for the last two components. The value of 1 was assigned to people
whose consumption was above the gender-specific median for the first six components and under the
gender-specific median for the last two components. The final score varied from 0 (low adherence)
to 8 (high adherence) [26]. In a population based study performed in Västerbotten, a North Sweden
County with 77,151 subjects followed for 17 years, the score was significantly associated, only in
women and not in men, with CVD mortality (multivariate adjusted HR: 0.90; 95% CI: 0.82, 0.99; p for
trend < 0.05), and with mortality for myocardial infarction (multivariate adjusted HR: 0.84; 95% CI:
0.71, 0.99; p for trend < 0.05). The mortality for stroke was not associated with the Mediterranean
Diet in men and women. Only alcohol intake was independently and inversely associated with CVD
mortality among the eight components of the score [26].
A score that was very similar to the previous one [26] was used to evaluate the relationship
between Mediterranean Diet and CVD in a Danish cohort of the MONItoring trends and determinants of
Cardiovascular disease (MONICA) project [27]. It was based on eight components: MUFAs + PUFAs:
SFAs ratio; alcohol intake; vegetables; fruit; cereal grains; fish and fish products; meat, meat products
and eggs; and dairy products. The cut-off points were the gender-specific medians and the value of 0
was assigned to people whose consumption was under the median for the first six components and
above for the last two components. The value of 1 was assigned to people whose consumption was
above the median for the first six components and under the median for the last two components.
Two different procedures were used to produce two different scores. The first procedure excluded
mixed dishes (score 1), and the second included ingredients extrapolated from mixed dishes or recipes
(score 2). A third score was created in the same way as score 2 except considering wine instead of
total alcohol intake (score 3). None of the scores were associated with stroke mortality and incidence
(fatal and non-fatal cases) in the multivariate analysis. The score 1 was inversely associated with
CVD mortality and incidence (fatal and non-fatal cases) and with myocardial infarction but without
statistical significance. The score 2 was associated with CVD incidence (fatal and non-fatal cases)
(multivariate adjusted HR: 0.94; 95% CI:0.89, 0.99; p for trend < 0.05), CVD mortality (multivariate
adjusted HR: 0.90; 95% CI: 0.82, 0.99; p for trend < 0.05), myocardial infarction incidence (fatal and
non-fatal cases) (multivariate adjusted HR: 0.89; 95% CI: 0.80, 1.00; p for trend < 0.05), and myocardial
infarction mortality (multivariate adjusted HR: 0.80; 95% CI 0.67, 0.96; p for trend < 0.05). Score 3 was
associated with the same outcomes slightly more than score 2 [27].
4.2. The Dietary Score (DS)
The DS, proposed in 2005 and inspired by the dietary guidelines of the Greek Mediterranean Diet
pyramid for adults [39], was directly associated with antioxidant capacity and inversely correlated
with oxidized LDL-cholesterol serum concentrations, in a random sample of healthy adults in the
ATTICA study [5]. It consisted of 11 components: whole grains; fruit; vegetables; potatoes; legumes;
olive oil; fish; meat and meat products; poultry; full fat dairy; and alcohol. With the exclusion of
alcohol, the frequency of intakes was categorized as never, rare (1–4 servings per month), frequent
(5–8 servings per month), very frequent (9–12 servings per month), weekly (13–18 servings per
month) and daily (>18 servings per month). For these intake frequencies a value of 0, 1, 2, 3,
4, and 5 respectively was assigned for the first seven components. The values were reversed for
frequency of intakes of red meat, poultry, and full fat dairy foods. The alcohol intake was scored
5 if <300 mL per day of wine, 0 for consumption >700 mL per day or none, and scored 4, 3, 2, 1,
for intakes of 300–400, 400–500, 500–600, and 600–700 mL per day, respectively. It was stated that
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100 mL of wine contained 12 g of alcohol. The theoretical range of the score varied from 0 to 55.
The adherence to the Mediterranean Diet decreased the CVD risk in the ATTICA study that involved
2583 participants: during 10 years of follow-up, a one-point increase in the score decreased the
risk by 4% (multivariate adjusted RR: 0.96; 95% CI: 0.93, 1.00) independently of socio-demographic
variables, lifestyle, and clinical factors. The protective effect of Mediterranean Diet was also evident
in participants at risk such as smokers, sedentary individuals, and obese people. No component
of the dietary score was significantly associated with CVD risk, in line with the hypothesis that the
Mediterranean pattern acts as a whole [28].
This score was also applied in some case-control studies.
In the CARDIO2000, a case-control study, 848 patients who had been hospitalized for a first
symptom of coronary heart disease were matched with 1078 controls by age, gender and the region
they came from. The subjects in the highest tertile of the score had a reduced odds of having acute
coronary syndromes by 46% (multivariate adjusted OR: 0.54; 95% CI: 0.44, 0.66) compared with subjects
in the lowest tertile. An 11/55-unit increase in DS was associated with a reduced odds of having acute
coronary syndromes by 27% (multivariate adjusted OR: 0.73; 95% CI: 0.66–0.89) [29].
In a case-control study of 250 consecutive patients with a first episode of acute coronary syndrome
and 250 consecutive patients with a first ischemic stroke, matched with 500 healthy subjects by gender
and age, a one-point increase in the score reduced the odds of having acute coronary syndrome
(multivariate adjusted OR: 0.91; 95% CI: 0.87, 0.96) and ischemic stroke (multivariate adjusted OR: 0.88;
95% CI: 0.82, 0.94) [30].
In a case-control study of 250 consecutive patients with a first ischemic stroke matched with
250 controls by gender, age and region, a one-point increase in DS reduced the odds of having a first
ischemic stroke by 17% (multivariate adjusted OR: 0.83; 95% CI: 0.72, 0.96) in non-hypercolesterolemic
participants and by 10% (multivariate adjusted OR: 0.90; 95% CI: 0.81, 0.99) in hypercolesterolemic
participants [31].
4.3. The Mediterranean Adequacy Index (MAI)
The MAI is a dietary score built taking into account the Mediterranean Diet of Nicotera as a
reference. In the early 1960s this diet was very similar to the Corfu and Crete diets [6], with low CHD
mortality rate at 25-year of follow-up of the Seven Countries Study [40]. This score, consisting of 18 food
or food groups, is computed by dividing the sum of the total energy percentages of the food groups
typical of the reference Mediterranean Diet (bread; cereals; legumes; potatoes; vegetables; fresh fruit;
nuts; fish; wine; and vegetable oil) by the sum of the total energy percentages of the food groups less
typical of the reference Mediterranean Diet (milk; cheese; meat; eggs; animal fats and margarines;
sweet beverages; cakes, pies, cookies; and sugar). The higher the MAI, the greater the amount of
energy derived from typical Mediterranean foods [6]. The MAI could be expressed as g per day, or g
per 1000 kcal, or g per 4.2 MJ [32].
The MAI, computed in random samples of men surveyed for their eating habits and belonging to
16 cohorts of the Seven Countries Study, was inversely associated with the 25-year death rates from CHD
(r = ´0.72; p = 0.001) [32]. The HR for 1 unit of natural log of MAI (approximately corresponding to 2.7
units of MAI) was associated with a CHD mortality decrease of 26% (multivariate adjusted RR: 0.74;
95% CI: 0.55, 0.99) in 20 years of follow-ups and of 21% (multivariate adjusted RR: 0.79; 95% CI: 0.64,
0.97) in 40 years of follow-ups in two Italian rural cohorts of the Seven Countries Study, Crevalcore and
Montegiorgio. The statistical analysis was multivariate adjusted for the covariates [33].
4.4. A Priori Mediterranean Dietary Pattern
This score was applied to a case-control study of 171 patients with a first myocardial infarction
matched with 171 controls by gender and age, hospitalized for diseases considered not to be related
to the diet. It is based on six food groups or nutrients considered as protective, and two groups of
foods of the Mediterranean Diet considered harmful. The first consisted of: olive oil; fibers; fruit;
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vegetables; fish; and alcohol. For each of these items the distribution according to quintiles within the
study was calculated and each subject received points from 1 to 5 corresponding to the quintile of
intake from the lowest to the highest quintile. The latter consisted of: meat and meat products; foods
with high glycemic load as white bread, pasta and rice. For these components each subject received 1
for the highest quintile and 5 for the lowest quintile. For each subject the score was obtained summing
the eight quintiles values. The theoretical score ranged between 0 and 40. This score was applied to
342 subjects of the study. The subjects with score ě30 had a risk of a first myocardial infarction lower
of 79% (multivariate adjusted OR: 0.21; 95% CI: 0.06, 0.73; p for trend = 0.01) compared with subjects
scored <20. The risk was reduced by 8% for a one-point increase in the score (multivariate adjusted
OR: 0.92; 95% CI: 0.86, 0.98; p for trend = 0.01) [7].
4.5. The (PREDIMED) Score
The PREDIMED is a Spanish multi-center trial of 7447 people at high risk for CVD, randomly
assigned to one of three groups: participants that received advise to reduce dietary fat (control diet);
participants that received advice on Mediterranean Diet and provision of extra-virgin olive oil
(approximately 1 liter per week); participants that received advice on Mediterranean Diet and
provision of mixed nuts (30 g per day: 15 g of walnuts, 7.5 g of hazelnuts, and 7.5 g of almonds) [34].
The adherence to the Mediterranean Diet was evaluated at baseline and during the study by a 14-point
Mediterranean Diet Adherence Screener (MEDAS). It consists of 12 questions on food intake frequency
and two questions on dietary habits characteristic of the Spanish Mediterranean Diet [8]. A value of
1 point was assigned if these criteria were met:
‚ ě4 tablespoons of olive oil per day (including that used in frying, salads etc.) (1 tablespoon
= 13.5 g)‚ ě2 servings of vegetables per day (at least 1 portion raw or as salad) (1 serving = 200 g)‚ ě3 fruit units (including natural fruit juices) per day‚ <1 serving of red meat or meat products (1 serving =100–150 g) per day‚ <1 serving of animal fat per day (1 serving = 12 g)‚ <1 cup of sugar-sweetened beverage per day (1 cup = 100 mL)‚ ě7 glasses of red wine per week‚ ě3 servings of legumes per week (1 serving = 150 g)‚ ě3 servings of fish or shellfish per week (1 serving: 100–150 g fish, or 4–5 units, 200 g shellfish)‚ <3 commercial sweets or pastries per week (not homemade)‚ ě3 servings of nuts (including peanuts) per week‚ ě2 times per week of a dish with a traditional sauce of tomatoes, garlic, onion, or leeks sautéed
in olive oil‚ olive oil as main culinary fat‚ preferential consumption of chicken, turkey, rabbit meat instead of veal, pork, hamburger
or sausage
A value of 0 point was assigned if these criteria were not met. The final PREDIMED score ranged
from 0 to 14.
The participants in the three groups at the beginning of the study had a similar score. During the
study, the score of participants in the Mediterranean Diet group increased in comparison with the
control group, and after three years the differences were significant for 12 out of 14 components of the
score. An evaluation of biomarkers (urinary hydroxytyrosol in the group receiving extra-virgin oil,
plasma alpha-linolenic acid levels in the group receiving nuts) confirmed the compliance to dietary
advice. After a median follow-up of 4.8 years, the rate of major CVD events (myocardial infarction,
stroke, death for CVD) was reduced by 30% (multivariate adjusted OR: 0.70; 95% CI: 0.54, 0.92; p = 0.01)
in the group assigned to the Mediterranean Diet with extra-virgin olive oil and by 28% (multivariate
adjusted OR: 0.72; 95% CI: 0.54, 0.96; p = 0.03) in the group assigned to the Mediterranean Diet with
nuts, compared with the control group. In the subgroup analysis, the supplemented Mediterranean
Diet had a clear protective effect on stroke (multivariate adjusted OR: 0.61; 95% CI: 0.44, 0.86; p = 0.005)
but the protective effect on myocardial infarction and CVD death in comparison with the control diet
did not reach statistical significance [34].
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4.6. The Mediterranean-Style Dietary Pattern Score (MSDPS)
The MSDPS was elaborated by Rumawas et al. [9] using the Greek Mediterranean Diet pyramid
for adults as a reference [39] and was based on 13 components corresponding to 13 food groups of
the pyramid: whole grains; fruit; vegetables; milk and dairy products; wine; fish; poultry; olives,
legumes, nuts; potatoes; eggs; sweets; meat; and olive oil. With the exception of olive oil, each group
was scored from 0 to 10 depending on the compliance to the numbers of servings suggested in the
pyramid. A penalty was assigned for a possible overconsumption by subtracting a point proportionally
to the number of servings consumed that exceeded the recommended intake for the considered food
group. If the score became negative it was defaulted to zero. Olive oil was scored 10 if its use was
exclusive, 5 if its use was along with other vegetable oils, 0 for no use. For each subject the MSDPS
was calculated by summing the values of 13 components, and dividing this sum by the theoretical
maximum sum of 130 and multiplying by 100 by the aim to obtain a scale of standardized values
ranging from 0 to 100. In view of the mixture of Mediterranean and non-Mediterranean foods that real
patterns have, the previous score was corrected by a continuous factor ranging from 0 to 1 depending
on the proportion of energy intake derived by foods not included in the pyramid. The MSDPS was
applied to dietary data collected during the 7th examination of the Framingham Offspring Cohort.
The quintiles of MSDPS were significantly and positively associated with the dietary intakes of
fiber, n-3 PUFAs (linolenic acid, eicosapentaenoic acid, docosahexaenoic acid), antioxidant vitamins
(β-carotene, folate, vitamin C, vitamin E, lycopene), calcium, magnesium, potassium, and inversely
and significantly with added sugars, glycemic index, SFAs, trans-fat acids, n-6 PUFAs (linoleic acid
and arachidonic acid): n-3 PUFAs ratio, MUFAs, and oleic acid. The inverse association of MSDPS with
MUFAs and oleic acid depended on a large intake of meat (including poultry). The authors concluded
that the MSDPS was a useful tool to evaluate the adherence to traditional Mediterranean Diet in a
non-Mediterranean population [9].
We could not find any study investigating the relationship between Mediterranean Diet and CVD
risk using this score.
5. Critical Appraisal
From the analysis of the above data it is evident that all the studies show a protective effect of
Mediterranean Diet on CVD. Nevertheless the protective effect of the Mediterranean Diet against CHD
and stroke is very different across the studies. Are there different types of Mediterranean Diets with
different protective effects on these outcomes?
Two questions should be taken into consideration: Which Mediterranean Diet is the object of
evaluation? How was exposure to the diet measured?
In most of the studies mentioned above, the score of dietary exposure was not established using
traditional Mediterranean Diet of the early 1960s as a reference, and there are major deviations from the
early dietary pattern that provides the best scientific evidence of a protective role against CVD [40,41].
The divergences observed are both qualitative and quantitative.
5.1. Qualitative Score Divergences from Traditional Mediterranean Diet
Fidanza et al. described the diet of Nicotera, a rural small town in the Calabria Region in Southern
Italy. It was a cohort of the Seven Countries Study, but because of both a shortage of funds and similarity
with the two cohorts of Greece, Creta and Corfu, it was not followed longitudinally [42]. The various
components of the Nicotera diet, evaluated using the weighed method for seven days in three
different seasons of 1960 and expressed as percentages of caloric intake provided, were the following:
cereals (50%–59%), extra virgin olive oil (13%–17%), vegetables (2.2%–3.6%), potatoes (2.3%–3.6%),
legumes (3%–6%), fruit (2.6%–3.6%, including nuts representing about 3% of the weight of all fruit),
fish (1.6%–2.0%), and red wine (1%–6%). Meat (2.6%–5.0%), dairy products (2%–4%), eggs and
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animal fats were rarely eaten [31]. The bread was homemade from stone ground wheat [42] and was
sourdough leavened [43].
Another source of dietary epidemiological data is that provided by the Etude des consommations
alimentaires des populations de onze regions de la communauté europeenne en vue de la determination des
niveaux de contamination radioactive (EURATOM), a study carried out in the early 1960s in 11 areas of
seven European countries. Two areas were in Southern Italy, in Campania and Basilicata. The study was
very accurate, using the weighed inventory method over seven consecutive days [44]. Here, the intake
of pasta and bread was about 490 g per day providing 60% of total energy intake, the intake of fruit
and vegetables was 426 g per day providing 9% of total energy intake, the intake of meat and fish was
62 g per day providing 5% of total energy intake, the intake of fats and oils was 51 g per day providing
18% of total energy intake, the intake of milk and dairy products was 87 g per day providing 4% of
total energy intake, the intake of sugar was 15 g per day providing 2% of total energy intake, the intake
of sweets was 1 g per day. The fiber intake was 24.4 g per day and 60% was derived from wheat while
the remaining part came from tomatoes, onions, artichokes, pulses, eggplants and fruit. Added oils
were almost exclusively vegetable oils, namely olive oil, whereas lard and butter were hardly ever
used. Margarine was not used at all. The total of dietary lipids was 73 g per day, i.e., 28% of total
energy intake. Only the olive oil was used as vegetable oil and in quantity of 49 g per day. If it was
considered only added lipids, the MUFAs:SFAs ratio was 3.9 while the PUFAs/SFAs ratio was 0.53. If
it was considered total lipids the MUFAs:SFAs ratio was 2.29 while the PUFAs:SFAs ratio was 0.41 [45].
To sum up, the traditional Mediterranean Diet is well described by the Greek Mediterranean Diet
pyramid for adults. It recommends a daily intake of 8 servings of whole grains, 3 servings of fruit,
6 servings of vegetables, 2 servings of dairy products, 3 glasses of wine for men and 1.5 glasses of wine
for women; weekly intakes of 6 servings of fish, 4 servings of poultry, 4 servings of olives, pulses and
nuts, 3 servings of potatoes, 3 serving of eggs, 3 servings of sweets; a monthly intake of 4 servings of
red meat; and olive oil as the main added lipid [39].
Whole grains are, together with extra virgin olive oil and red wine, a peculiar characteristic
of the Mediterranean Diet. The inclusion of whole grains into the score of dietary exposure to the
Mediterranean Diet is consistent with the characteristics of traditional Mediterranean Diet but also with
the scientific evidence of their protective role against CVD. In a pioneering study by Morris et al., a high
intake of fiber from cereals was a protective factor for CHD incidence during 20 years of follow-up in
337 healthy English men. It was not evident that CHD was associated with refined cereals intakes [46].
In a recent exhaustive review of pooled/meta-analyses and systematic reviews, the protective effect
of whole grains against CVD was higher than that of fruit and vegetables with a risk reduction by a
maximum of 29%, 23% and 23% respectively, for the highest levels of consumption [47].
Whole grains have a recognized protective effect against CVD risk factors, such as type 2 diabetes
mellitus [48–53], total and LDL cholesterol [54,55], hypertension [56–58], and low grade systemic
inflammation [59,60]. Besides, a higher intake of whole grains has been associated with a better body
weight [61–64]. Cereal fiber partly accounts for the protective effects against CVD mortality [65].
If whole grains cereals seem to be protective, refined cereals have either a neutral or harmful effect on
CVD and other diet-related chronic diseases [47]. However a review of 135 relevant articles evaluating
the relationship between consumption of refined cereal grains and health outcomes, shows that a
consumption of up to 50% of all grain foods as refined grain foods (without high levels of added
fat, sugar, or sodium) is not associated with increased CVD and other diet-related chronic diseases
risk [66]. According to some authors whole grains products should be distinguished from refined food
in the score of dietary exposure [67].
Seemingly, the substitution of MUFAs for olive oil in the indexes of Mediterranean Diet creates
some concern since many healthy effects depend on minor components [68–70] and because of doubts
raised by some authors on the cardio-protective effect of MUFAs [71]. Indeed, dietary MUFAs can
come from other vegetable oils (high-oleic safflower and sunflower oils, canola oil), mostly nuts,
peanuts, avocados, and from animal products (meat, eggs, lard) [72]. In a systematic review and
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meta-analysis of cohort studies, the comparison of the top versus bottom third of the distribution of a
combination of MUFAs (of both plant and animal derived from), olive oil, oleic acid, and MUFAs:SFAs
ratio resulted in a significant risk reduction for CVD mortality, CVD events, stroke and all-cause
mortality. However, in subgroup analyses, only higher intakes of olive oil were associated with a
significant decrease of risk for CVD events, stroke and all-cause mortality. By contrast, MUFAs of
mixed animal and vegetable sources per se were not associated with these outcomes [73].
In the same way, the substitution of alcohol for wine in Mediterranean Diet indexes deserves
to be evaluated as there is some evidence that wine offers greater CVD protection in comparison
to other alcoholic beverages, possibly because of phenolic compounds [74–76]. The score proposed
by Tognon et al. including wine instead of total alcohol intake was better associated with CVD
outcomes [27].
The a priori indexes used to evaluate the adherence to the Mediterranean Diet should consider
whole grains and refined grains, olive oil and MUFAs, and wine and alcohol in a different way.
Whole cereal grains, extra virgin olive oil, and wine characterize the Mediterranean Diet of the early
1960s beyond the plant-based foods diets (rich in fruit, vegetable, nuts, whole grains, fats from natural
liquid vegetable oils, adequate intake of n-3 PUFAs) that are important to prevent CVD and other
diet-related chronic diseases [77]. Among the scores examined in this review, only the DS and MSDPS
are coherent with qualitative characteristics of Mediterranean Diet of the early 1960s.
5.2. Quantitative Score Divergences from Traditional Mediterranean Diet
In the MDS and some of its variants (Table 2) the gender-specific medians are used as cut-offs
to distinguish between levels of intakes of each score component that will be scored 0 or 1.
However, the value of the median does not necessarily reflect a level of intake of foods that is consistent
with a positive or negative effect on health [67]. For example, it is well established that the intake at
least of 3 servings of whole grains replacing refined grains is necessary to have CVD benefits [52,78].
If the intake of whole grains is low in the examined population, the value of 1 point assigned to people
with a consumption level at or above the median should be inappropriate in any case, since it does
not meet the protective value. In the same way, if there is a large intake of a non-Mediterranean food
in the population, assigning a value of 1 point to people whose consumption is below the median
should not be considered adequate since the intake could still be excessive. In agreement with the
concept expressed by other authors, the median is just a value of position that divides a distribution
in 50% below and 50% above the value of the median [67]. Besides, since the median values may be
different among populations, the results of one study could not be comparable with those of another
study performed in a different population [67]. It is noteworthy that the yes/no approach of this score
implies an important loss of information. Indeed, the use of a large number of cut-off points (at least
more than two) is recommended to improve the diagnostic capacity of a score [79] since the diagnostic
accuracy of an index increases as the number of partitions of its components increases [80]. The DS,
the r-MED, the Italian Mediterranean Index, the a priori Mediterranean Dietary Pattern, the MAI,
and the MSDPS are consistent with this concept. The diagnostic accuracy of an index increases also
when each component of the score is assigned with a specific “weight” that depends on the strength
of the relationship that each component has with the binary outcome under study. Each component
of a composite score contributes differently to the risk of a specific disease [80]. For example, there is
some evidence that vegetables have a lower protective effect on CVD than whole grains or fruit [47].
So, “the development of weighted dietary indexes that adequately assess a dietary pattern and its
relationship to the burden of a disease is considered essential” [81]. Some authors propose that the
“weights” are the ORs obtained from univariate logistic regression [80], or from multiple logistic
regression models with each component of the score entering as an independent variable and total
score made by remaining components entered in the model, or by multiplying the “weights” obtained
from the ORs with the inverse of the variance of the specific OR, which represents the effect size of the
association [82].
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6. Conclusions
In conclusion, our study shows that the Mediterranean Diet is a useful tool to reduce the risk of
CVD as clearly shown by some systematic reviews and meta-analyses [83,84]. In a recent meta-analysis,
Sofi et al. found that a two-point increase in adherence score for the Mediterranean Diet leads to a
10% reduced risk of CVD [84]. However, published studies show quite different effects from the
Mediterranean Diet with regard to specific conditions such as CHD and cerebrovascular disease.
We cannot exclude that several factors are responsible for these differences, such as a small number of
cases in some studies, different control of confounders, or a different dietary assessment among the
studies, and a lack of repeated measurement of a Mediterranean-style diet [85]. In our opinion, the use
of a priori dietary indexes established to comply with the characteristics of the Mediterranean Diet of the
early 1960s could be useful to better understand the effectiveness of this dietary pattern in managing
CVD risk. A valid score for studying the relationship between the traditional Mediterranean Diet of
the early 1960s and CVD should have the quantitative and qualitative characteristics of the true early
dietary pattern as a reference. However, some of the health effects of the traditional Mediterranean
Diet might be due to some characteristics which are not easily quantified: some cooking styles that
preserve water-soluble nutrients, the consumption of fresh and not greenhouse vegetables which are
poorer in phytochemicals, the consumption of fresh fruit at the end of meal which can counteract the
pro-inflammatory and pro-oxidant effect of foods [86], the use of spices and herbs that may improve
CVD risk factors [87], the use of stone ground sourdough bread whose richness in fiber and low
glycemic index make it very healthy [88], and so on.
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Abstract: The benefits of the Mediterranean diet (MD) for protecting against chronic disorders such
as cardiovascular disease are usually attributed to high consumption of certain food groups such as
vegetables, and low consumption of other food groups such as meat. The influence of food processing
techniques such as food preparation and cooking on the nutrient composition and nutritional value
of these foods is not generally taken into consideration. In this narrative review, we consider the
mechanistic and epidemiological evidence that food processing influences phytochemicals in selected
food groups in the MD (olives, olive oil, vegetables and nuts), and that this influences the protective
effects of these foods against chronic diseases associated with inflammation. We also examine how
the pro-inflammatory properties of meat consumption can be modified by Mediterranean cuisine.
We conclude by discussing whether food processing should be given greater consideration, both when
recommending a MD to the consumer and when evaluating its health properties.
Keywords: Mediterranean diet; food processing; food preparation; cooking; phytochemicals;
inflammation; oxidative stress
1. Introduction
Food preparation and cooking influence the nutritional qualities of foods, and potentially their
health benefits. These processes can have beneficial effects, for example by improving the digestibility
and bioavailability of nutrients, and by enhancing attractiveness to the consumer because of improved
texture and taste [1], and also deleterious effects due to loss of nutrients or the formation of toxic
compounds [2]. The Mediterranean diet (MD) is well-known for its health benefits and this diet is
increasingly being recommended in non-Mediterranean countries [3]. However, food preparation and
cooking customs in non-Mediterranean countries may be quite different from those in Mediterranean
countries. This is rarely considered when applying findings on the MD derived from one population to
a different population with a different cuisine, and the extent to which differences in food preparation
practices between populations impacts on the nutritional qualities of the MD is not well understood.
The traditional MD is characterized by plenty of fruits, vegetables and nuts, legumes,
cereals (preferably whole grain), herbs and spices, fish and seafood, moderate amounts of meat
and dairy produce (mainly from sheep and goats), olive oil (for dressing and cooking) and moderate
amounts of wine with meals [4]. This rich diversity of foods results in the MD having a unique
compendium of nutrients that contributes to its protective effects against chronic disease [5,6].
Because the MD is essentially a plant-based diet, phytochemicals are considered to be major
contributors to the overall health benefits of this diet [7], and this group of nutrients is strongly
influenced by food preparation and cooking [8,9]. A major property of phytochemicals that contributes
to their health benefits is their ability to reduce oxidative stress and inflammation (reviewed in [10]),
Nutrients 2015, 7, 7925–7964 51 www.mdpi.com/journal/nutrients
Nutrients 2015, 7, 7925–7964
and a reduction in inflammation by phytochemicals has been linked to the benefits of phytochemicals
for the MD [11].
In this review, we first consider the anti-inflammatory effects of the MD, and we then go on
to discuss antioxidant and anti-inflammatory phytochemicals in some of the main food groups of
the MD (olives and olive oil, vegetables and nuts). We then discuss how these phytochemicals are
influenced by food preparation and cooking and the effects of these processes on health outcomes.
Since the overall oxidative stress and inflammation in the body is due to factors that increase as well as
decrease oxidative stress and inflammation, we also consider food preparation and cooking procedures
that are pro-oxidant and pro-inflammatory, particularly in relation to meat. Because some traditional
Mediterranean cooking practices may be less common in non-Mediterranean countries, we conclude
by discussing whether advice on food preparation should be given when recommending the MD in
non-Mediterranean countries.
2. Oxidation, Inflammation and the MD
Inflammation is now recognized as a major factor in the pathology of many chronic diseases
including cardiovascular disease (CVD), cancer, type 2 diabetes, metabolic syndrome and Alzheimer’s
disease, and inflammation is also associated with obesity [10,12–15]. The inflammation that contributes
to these diseases may occur systemically in the body, such as the low grade chronic inflammation that
is also linked with aging (inflammaging) and obesity, or it may be more localized. Another source of
inflammation with potentially harmful consequences is the acute inflammation that can occur during
the postprandial state as a result of hyperlipemia and hyperglycemia [16].
A number of epidemiological studies have demonstrated that consuming a MD reduces
inflammation [14]. Barbaresko and colleagues in a recent systematic review reported that among
a priori healthy dietary patterns, the MD was the most consistent in showing a decrease in C reactive
protein (CRP) and an increase in adiponectin [17]. In the large Italian Moli-sani study, a decrease in
white blood cell and platelet counts (measured as markers of low grade inflammation) was shown to
be associated with a greater adherence to a Mediterranean-like diet [18]. Adherence to a traditional MD
was also shown to be associated with a reduction of CRP and IL-6 in survivors of a myocardial infarct,
independently of the medication [19]. The potential role of the MD in reducing low grade chronic
inflammation in the elderly (inflammaging) is currently being studied in the NU-AGE project [20].
As well as low grade inflammation, there is also good evidence that consuming a MD
reduces postprandial inflammation [21–23], and the postprandial oxidative stress that can result
from postprandial hyperglycemia and hyperlipemia [23]. One link between oxidative stress and
inflammation is through the transcription factors NF-κB. This is because NF-κB is induced by
oxidative stress, which in turn increases the expression of pro-inflammatory genes for cytokines
and chemokines [24]. Hence, not surprisingly, antioxidant phytochemicals can reduce inflammatory
responses. For example, in a short term intervention it was shown that polyphenols from virgin olive
oil (VOO) decreased postprandial gene expression of the NF-κB-mediated pro-inflammatory cytokines
IL1B, IL6 and CXCL1 in peripheral blood mononuclear cells [22]. In the Predimed (Prevención con
Dieta Mediterránea) study, adherence to a MD was associated with increased total antioxidant capacity
(TAC) [25], and high dietary anti-oxidant levels lowered CRP and IL-6 [26]. Total dietary antioxidants
independently explained the relationship between adherence to a MD pattern with better health-related
quality of life (especially mental rather than physical health) in the Moli-sani study [27].
Many of the nutrients, such as saturated fats, trans fats and refined carbohydrates, that are
associated in in vitro models with inflammatory responses are present at far lower levels in the MD
than are typically found in the western diet [28]. In order to quantify the overall inflammatory potential
of dietary patterns, a Dietary Inflammatory Index (DII) has been developed [29]. The DII is computed
from the inflammatory activity of 45 foods and nutrients. Some studies suggest that DII is positively
associated with an increased risk of various diseases such as pancreatic cancer [30] and colon cancer [31].
Using data from the Predimed study, a DII was computed from a measure of adherence to the MD
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(a MD score) and, as expected, the MD score was found to be inversely associated with DII [32]. In this
cross-sectional analysis of the Predimed study, a lower DII was associated with a lower prevalence
of obesity [32] and in a prospective one with incidence of CVD [33]. Based on nutritional data from
Luxembourg, higher adherence to a MD score was associated with a favorable cardio-metabolic, hepatic
and renal risk profile, whereas the relationship with DII was weaker suggesting that other foods and
nutrients than the ones used in the construction of the DII are necessary for greater prevention [34].
Hence, in summary, it can be concluded that there is good evidence that antioxidant phytochemicals
in the MD have anti-inflammatory effects in the body, and there is increasing evidence that this is
important for the health benefits of the MD.
3. Food Processing and Phytochemicals—General Considerations
When establishing associations between adherence to the MD and the inflammatory status of
the diet (e.g., using DII), the nutritional data are based on food composition tables that usually do
not take into consideration possible effects of food preparation and cooking. Loss of anti-oxidant
phytochemicals can occur during cooking due to thermal degradation and from leaching of substances
(especially of more polar compounds) into the cooking medium. As well as loss of antioxidants,
the formation of pro-oxidants can occur, especially when cooking at high temperatures, notably as a
consequence of the Maillard reaction. Food preparation can also have beneficial effects by increasing
the bioavailability of antioxidant phytochemicals [35]. For some phytochemicals, this is because of
enhanced release from the food matrix, although the extent to which this occurs may vary widely.
Carotenoids can be released from their association with proteins inside chromoplasts, and folate from
proteins [36,37]. However, some polyphenols such as phenolic acids are more tightly bound to dietary
fiber and protein [38]. Bound polyphenols can constitute a significant proportion of total daily intake.
In fruits (apples, peaches and nectarines), 80%–90% of polyphenols were in the bound form [39], and it
was estimated that bound polyphenols constituted 78% of the total phenolics in the Spanish diet [40].
Hence, factors that release bound polyphenols may have a significant impact on the overall level of
bioavailable polyphenols. Poor bioavailability is not, however, necessarily detrimental. Components of
the food matrix can act as carriers enabling phytochemicals to reach the colon where they may be
released by the actions of gut bacteria. For example, grain fiber carries polyphenols to the colon and
releasing polyphenols here, rather than higher up the gastrointestinal tract, may have health benefits
either in the colon itself or after being absorbed there into the body [41,42].
Because it is difficult to predict the consequences on health of food processing simply based on
model systems, we consider a wide range of studies (biochemical studies, biomarkers and health
outcomes) that address how food processing may influence both the bioavailability and health
consequences of consuming antioxidant and anti-inflammatory phytochemicals present in the main
foods groups of the MD.
4. Olive Oil and Olives
Antioxidant and anti-inflammatory compounds in extra virgin olive oil (EVOO) include
tocopherols, carotenoids and polyphenols. Polyphenols are especially important because of their
number, diversity and particular properties. At least 36 phenolic compounds have so far been
identified in EVOO [43]. The most abundant polyphenols in EVOO include secoiridoids such as
oleuropein derivatives (especially the dialdehydic form of decarboxymethyl elenolic acid linked
to hydroxytyrosol), phenolic derivatives of secoiridoids such as tyrosol and hydroxytyrosol,
lignans, flavonoids, and decarboxy methyl ligstroside aglycone—known as oleocanthal [44,45].
The antioxidant activities of EVOOs have been shown to correlate with their polyphenol content [46,47],
one study finding a better correlation with diphenol content than with overall phenol content [47].
Ortho-diphenols such as hydroxytyrosol and oleuropein derivatives are more potent phenolic
antioxidants [46,48]. Oleocanthal is an inhibitor of cyclooxygenase activity and is best known for
its anti-inflammatory properties [44]. The major polyphenols hydroxytyrosol and tyrosol have high
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bioavailability (40%–95%) when present in olive oil [49], although there is less information for other
EVOO polyphenols.
The health benefits of olive oil have been extensively reviewed [50–52]. When compared with
olive oils with low polyphenol concentrations, most clinical studies demonstrated that olive oils
containing high polyphenol concentrations resulted in greater reductions in inflammatory biomarkers,
better protection of low-density lipoprotein-cholesterol (LDL-cholesterol) from oxidation, and greater
decreases in isoprostanes [43]. EVOO has been shown to be superior to ordinary olive oil (which is
lower in polyphenols) in preventing CVD [53]. Although there is suggestive evidence for a protective
effect of olive oil against breast cancer [54], studies have not distinguished between ordinary olive
oil and EVOO. The antioxidant properties of polyphenols are implicated in reducing CVD and some
cancers (with levels of evidence categorized as possible to probable) by preventing LDL oxidation
and neutralizing free radicals respectively [55]. The anti-inflammatory properties of polyphenols from
EVOO may also contribute to these beneficial effects [56]. Oleocanthal has neuro-protective effects and
attenuates markers of inflammation implicated in Alzheimer’s disease, and has also been shown to
have anti-proliferative effects against human breast and prostate cancer cell lines [44,57].
Table olives are extremely rich sources of antioxidant polyphenols, comprising 1%–3% of the fresh
pulp weight [48]. For most types of olives, the major polyphenols are oleuropein and hydroxytyrosol.
In one study, levels of hydroxytyrosol were estimated to be 250–760 mg/kg in Kalamata olives,
170–510 mg/kg in Spanish-style green olives, and 100–340 mg/kg in Greek-style naturally black
olives [58]. Thus, one Kalamata olive (4 g flesh) provides approx. 1–3 mg of hydroxytyrosol.
In comparison, data from the Phenol-Explorer database gives an average content in EVOO of 7.7 mg
hydroxytyrosol/kg oil [59]. Not surprisingly, olive extracts exhibit high antioxidant activity in
in vitro assays [60,61]. Despite the high levels of hydroxytyrosol in table olives compared to EVOO,
the bioavailability in humans of hydroxytyrosol and other polyphenols from table olives is currently
unknown and to the best of our knowledge there are no human studies on their health effects,
possibly because of their frequent high salt content (although this can be reduced by rinsing).
4.1. Effects of Processing
Concentrations of total polyphenols in olive oils vary considerably—between 50 to 800 mg/kg
depending on the quality and type of the oil [62]. The extraction technique is generally considered
to have the greatest impact; the first extraction at low temperatures produces virgin olive oil and
this has the highest level of polyphenols. However, other factors also influence polyphenol levels
including the geographical location, growing conditions and cultivar of the olive trees, ripeness of the
olive at harvest, possible infestation with the olive fly, extraction method for the oil, and storage of
the oil [46]. For example, a 13-fold difference in diphenol content was found between EVOOs from
different cultivars from various regions in Italy [47].
Antioxidant levels in table olives also vary widely. A 10-fold or more difference was found in
levels of hydroxytyrosol between olive cultivars [48]. The production method for the olives is also
very influential. Particularly dramatic is the almost complete loss of hydroxytyrosol, due to oxidation
and polymerization, during the California-style oxidation method for converting green olives into
black olives [48,63]. Pitting of olives is also influential: an additional washing step is required when
olives are pitted, and this process was found to almost half the content of hydroxytyrosol that had
been present in the un-pitted olives [64].
In relation to olive oil, a major influence for the consumer is how the oil is used for cooking.
Common domestic cooking conditions include shallow frying (which is at approx. 140–160 ˝C),
in soups and stews (which may include an initial frying period, followed by boiling at 100 ˝C or at a
higher temperature if the dish is cooked in the oven), and as an addition towards the end of cooking,
for example in the “lathera” dishes from Greece and Turkey. In Portugal, vegetable soups with added
olive oil are very popular, and in a study that mimicked domestic conditions there was found to be less
loss of tyrosol and hydroxytyrosol from the oil and phenolics from the vegetables if the oil was added
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towards the end of the cooking period rather than at the beginning [65]. However, not all studies have
replicated conditions likely to be encountered during normal domestic cooking.
When olive oil is used for frying, the stability of olive oil polyphenols is strongly influenced
by cooking temperature and time, the type of food present and the composition of the oil
(including antioxidants and polyunsaturated fatty acid (PUFA) content) [52,66]. In a study that
simulated frying by heating olive oil (although in the absence of food) to 180 ˝C, there was a
significant decrease in hydroxytyrosol derivatives (60% reduction after 30 min and 90% reduction after
60 min) [67]. Similar results were reported for the mass-produced Bertolli EVOO [68]. A study from
Spain found far higher loss of hydroxytyrosol derivatives from oils made from Arbequina olives than
for Piqual olives [69], and it has been suggested that the higher rates of loss may reflect a higher PUFA
(linoleic acid) content of oils derived from Arbequina olives [66].
In contrast to the secoiridoids, lignans and oleocanthal are relatively heat stable [69]. For example,
12 frying cycles of 10 min each at 180 ˝C only reduced oleocanthal levels by 20% [70], although the
degree of loss may depend on the initial concentration of oleocanthal in the oil [71].
In a short term human study that compared the effects of heated oils on the postprandial
inflammatory response in obese subjects, VOO repeatedly heated to 180 ˝C was found to suppress
postprandial inflammation in obese subjects (determined as NF-κB activation in peripheral blood
monocytes) [72]. Hydroxytyrosol was completely depleted by the heating process and so cannot
be responsible for the observed effect. By contrast, some other polyphenols were preserved,
including about 75% of tyrosol and 20% of oleuropein aglycones. Further work is required to establish
the mechanism for the protective effect. Other than this study, most intervention studies in humans
with olive oil have either used raw olive oil, such as EUROLIVE (the effect of olive oil consumption
on oxidative damage in European countries) with oxidized LDL-cholesterol as an endpoint, or have
not specified the use of the oil, e.g., Predimed with cardiovascular death as the primary endpoint.
Moreover, none of the large number of prospective epidemiological studies examining the health
benefits of consuming olive oil have distinguished between the consumption of raw and cooked
olive oil. A recent systematic review concluded that there is no epidemiological evidence that
consuming fried foods is associated with an increased risk of cardiovascular disease, although there
was some evidence for weight gain [73]. Many of the studies used olive oil as the frying oil, but, as the
authors point out, the precise outcome is likely to be influenced by the type of oil, frying technique
(shallow frying or deep frying), frying duration and temperature, and use of new or reused oils.
Acrylamide has been found in black olives prepared by the California-style processing method [74].
Acrylamide is classified as a probable human carcinogen by the International Agency for Research on
Cancer. Concentrations of acrylamide in California-style black olives varied between 410–512 μg/kg
in this study and these concentrations are comparable to levels of acrylamide found in French fries,
a better known dietary source of acrylamide. The acrylamide appears to be generated during the
sterilization process of the olives [74]. By comparison, in this study, Spanish olives and Greek olives
were found to have very low levels of acrylamide (<1.4 μg/kg). This is probably because these olives
were not sterilized, and this is the normal case with black olives from some countries.
4.2. Implications
The European Food Safety Authority (EFSA) recently upheld a health claim that EVOO reduces
LDL oxidation if “a minimum of 5 mg of hydroxytyrosol and its derivatives is consumed per day” [75].
However, because information on the polyphenol content of EVOOs is not at present commonly
available to consumers, they are unlikely to know whether or not they have attained the goal
recommended by EFSA. Labeling bottles of olive oil with their content of secoiridoids and making
consumers aware of the possible losses of hydroxytyrosol due to high temperature cooking would
facilitate implementing the EFSA guideline without requiring excessive intake of olive oil. There may
already be some public understanding of possible losses of active compounds in olive oil: Portuguese
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consumers are apparently aware that adding olive oil towards the end of cooking is more beneficial [65].
As well as recommending EVOO for cooking, the use of raw EVOO could also be encouraged.
Due to the absence of human studies, there are currently no guidelines from EFSA recommending
olives as a source of hydroxytyrosol and its derivatives. However the high levels of these compounds
in certain types of olives, and because olives are mostly eaten raw, suggests that consumption
of only a few olives could achieve the EFSA recommended levels and without consuming many
calories (assuming there is good bioavailability). However, olives have markedly different levels
of hydroxytyrosol and hence specific types of olives would need to be recommended. In particular,
California-style black olives are not comparable to many other types of olives because of their low
levels of hydroxytyrosol and quite high levels of acrylamide.
Because of the good evidence that polyphenols in EVOO contribute to its health benefits, it has
been suggested that EVOO should be specifically recommended as part of a MD, rather than a more
general recommendation of “olive oil” [76]. Although concentrations of hydroxytyrosol will vary
depending on whether EVOO is consumed raw or after frying, how EVOO is used is not currently
incorporated into estimates of consumption for calculating MD scores. Upper versus lower quantiles
of olive oil intake in health studies mostly vary between 2–3 fold (see [52]). This variation is lower
than the potential influence of food processing practices on hydroxytyrosol levels. Hence, variation in
usage of olive oil is a potential confounding factor when evaluating the link between its consumption
and health benefits. However, it should be noted that several other olive oil polyphenols are more
stable than hydroxytyrosol.
5. Vegetables—General
Vegetables contain a wide range of antioxidant phytochemicals. The levels of these phytochemicals
are influenced by environmental conditions such as exposure to sunshine, and by agronomic practices
such as the choice of cultivar, use of fertilizers and whether the produce is grown organically or
conventionally (see [77–79] for recent reviews). Epidemiological studies have compared the health
benefits of raw and cooked vegetables, and this is particularly relevant to the MD since consumption of
raw vegetables as a proportion of total vegetable consumption was reported to be higher in southern
cohorts from the EPIC (European Prospective Investigation into Cancer and Nutrition) study compared
to their northern counterparts [80]. In a recent review of case-control studies from Southern European
countries, both raw and cooked vegetables protected against various cancers, especially upper digestive
tract cancers, but there was greater protection with raw vegetable consumption [81]. In the case of
breast cancer, only raw was beneficial [81]. However, since this analysis was based on case-control
studies, it is possible that cases may have modified their intakes. In a large prospective study with a
follow-up > 10 years, raw vegetables was the only category of fruit and vegetables that was significantly
and strongly (50%) associated with a risk reduction for stroke [82].
Salads are a significant source of raw vegetables in the MD. In an analysis of the traditional Cretan
Mediterranean diet, salads were found to be consumed several times per week [83]. This way of eating
not only preserves heat labile nutrients, but dressing salads with olive oil, vinegar, herbs or spices
can greatly increase the antioxidant capacity of the dish. For example, the herbs lemon balm and
marjoram (1.5% w/w) increased the antioxidant capacity of a salad by 150% and 200% respectively [84].
Many herbs are consumed in high amounts in the MD compared to a typical western diet, and they
are frequently consumed raw or with minimal cooking. Herbs are particularly high in antioxidant
and anti-inflammatory compounds, especially polyphenols [84,85]. Herbs and spices contributed
significantly to the overall dietary intake of flavonols and flavones of traditional Greek cuisine, and this
was linked to their frequent consumption despite only being used in small quantities [86]. There is
increasing recognition of the importance of herbs and spices for good health [87,88], and although
herbs and spices are recommended foods in the MD, they are not currently assessed when measuring
adherence to the MD.
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Cooking processes can strongly influence antioxidant phytochemical levels in fruits vegetables
and herbs [84,89]. Amongst the many ways of preparing vegetables, perhaps the most frequent
and traditional way in Mediterranean cuisine is to present the vegetables in olive oil, either by
cooking the vegetables in olive oil or by dressing the vegetables with raw oil. Olive oil enhances
taste and acceptability and, it has been proposed, is an important reason for the high levels of
consumption of vegetables in Mediterranean countries [90]. Another beneficial effect of EVOO is that
when vegetables are cooked in this medium they may absorb significant levels of antioxidants from
the oil [91]. In addition, the bioavailability and absorption of many phytochemicals in vegetables,
especially carotenoids, is significantly enhanced and this may increase the health benefits. We now
consider how food processing may influence the nutritional value of vegetables pertinent to the MD.
6. Tomato and Other Carotenoid-Containing Vegetables
The six main carotenoids usually reported to be present in human blood plasma are α-carotene,
β-carotene, lycopene, β-cryptoxanthin, zeaxanthin and lutein. In the MD, these are obtained from a
wide range of green leafy and other types of vegetables, fruits, cereals and olives [92]. Other potentially
significant, but usually overlooked, carotenoids in the MD are the red pigment capsanthin and the
yellow carotenoids crocin and crocetin. Capsanthin is the main carotenoid in red peppers and paprika,
comprising 29.2–36.2 μg/g fresh weight in red pepper [93]. This compares with levels of lycopene—the
main carotenoid in tomato—of 8.5–127.0 μg/g fresh weight [94]. The health significance of capsanthin
is not known, and it does have a rather short half life in human plasma (20 h) compared to that of
lycopene (222 h) [95]. Crocin and crocetin are the two main carotenoids in saffron and have anti-tumor
effects in in vitro and in vivo models [96]. Carotenoids are highly reactive towards oxygen and free
radicals and have antioxidant and anti-inflammatory effects in the body [97]. Lycopene also suppresses
carcinogenesis by inducing apoptosis and inhibiting proliferation and metastasis, and by inducing
cyto-protective enzymes [98].
6.1. Food Processing
In many green leafy vegetables carotenoids are associated with proteins, whereas in carrots and
tomatoes carotenoids exist in a semi-crystalline form. Chopping, blending and cooking help release
carotenoids from the food matrix. Subsequently, carotenoids must be incorporated into lipid micelles
in the gut lumen in order to be absorbed across the gut wall. The effects of cooking techniques on
levels of carotenoids was evaluated in a meta-analysis by Murador and colleagues [99]. From the
pooled data, stewing (a widely used technique in Mediterranean cuisine) increased overall carotenoid
content by 36%. The apparent increase in carotenoid concentrations during stewing may be due to a
combination of little thermal degradation and high water loss. Other techniques either had no effect or
decreased levels—by 41% in the case of frying.
Whereas chopping and the use of sauces are widely used in different national cuisines for
carotenoid-containing vegetables, especially tomatoes, it is the predominance of olive oil as the main
dietary fat that characterizes the traditional MD. There is evidence from in vitro and animal studies
of carotenoid micelle formation and uptake that olive oil enhances the bioavailability of carotenoids
to a greater extent that some other fats [100]. In particular, long chain fatty acids are superior to
medium chain fatty acids and oleic acid is superior to PUFAs (linoleic acid) [100]. There was greater
bioavailability of carotenoids (lycopene and astaxanthin) in rats given oral doses of carotenoids in
olive oil compared to corn oil [101] and higher levels of the photo-protective carotenoids lutein and
zeaxanthin were found in the eyes of rats given these carotenoids in an emulsion with olive oil
compared to an emulsion of sunflower oil or groundnut oil [102].
Despite these observations, their significance for humans is unclear since the amount of lipid
in the meal may be a more significant factor for carotenoid bioavailability than the actual lipid
composition [103]. It has been estimated that 3–5 g of dietary fat is required in order to significantly
enhance the bioavailability of dietary carotenoids [104,105]. Certainly, excluding lipid altogether can
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significantly reduce carotenoid uptake. For example, cooking diced tomatoes in EVOO increased
plasma concentrations of cis-lycopene (the more biologically active isomer [106]) and trans-lycopene
by 40% and 82% respectively, whereas cooking the tomatoes without EVOO increased plasma
concentrations of cis-lycopene by only 15% and there was no increase in trans-lycopene levels [107].
Similarly, refined olive oil enhanced the absorption of cis and trans isomers of lycopene (as determined
by plasma levels and AUC) in tomato juice in healthy volunteers compared to when the oil was
absent [108].
Olive oil has also been shown to enhance the bioavailability of more polar phenolic compounds.
For example, the extraction of phenolic compounds such as chlorogenic acid and naringenin (the main
polyphenol in tomatoes) from a tomato sauce were enhanced when the tomato sauce was prepared
with VOO [109]. In a cross-over study, there was some evidence of higher bioavailability of naringenin
when human subjects were given a tomato sauce prepared with VOO compared to when they were
given a tomato sauce prepared in the absence of VOO [110]. However, in a prospective randomized,
cross-over intervention study, mechanical and thermal treatments during tomato sauce processing
enhanced the bioavailability of various phenolics including naringenin to a greater extent than added
lipid (refined olive oil) [111] Hence, added lipid may be less important for phenolic bioavailability
from tomatoes compared with lycopene bioavailability.
A number of studies have also examined if processing tomatoes affects disease outcomes, although
it is not usually specified if the consumption of the tomatoes also included olive oil consumption.
A Greek case-control study examined the relationship between tomato consumption and risk of
prostate cancer. Olive oil is likely to have been the main dietary fat in this Mediterranean population.
Intake of either raw or cooked tomatoes reduced prostate cancer risk, although there was a significant
and greater risk reduction for cooked tomatoes (OR lowest versus highest tertile 1.91; CI 1.20–3.04 for
cooked, versus OR 1.55; CI 1.00–2.52 for raw) [112]. Chen et al. recently conducted a meta-analysis
of prospective studies of prostate cancer incidence and tomato consumption but there were too few
studies on raw and cooked tomatoes (3 studies in each category) to draw firm conclusions regarding
the effects of processing [113]. The lipid content of the meals was not known and so could be a
confounding factor in the analysis of these data. The roles of various phytochemicals in tomato
as preventive agents against prostate cancer and the importance of other dietary constituents for
increasing the bioavailability of these phytochemicals also requires clarification [114]. However, in the
meta-analysis conducted by Chen et al. there were enough studies with no heterogeneity to show that
there was no association between lycopene and prostate cancer incidence [113].
Bioavailability of carotenoids is modified by factors besides food processing such as the adiposity
of the subject, and exposure to tobacco or air pollution. This is an important aspect when assessing
risk reduction of cancers through dietary questionnaires, and, since these factors are not always taken
into consideration, this might explain some of the inconsistencies observed in epidemiological studies.
Studies using biomarkers show stronger and more significant associations between plasma carotenoids
and cancer risk than if only dietary intake of carotenoids is assessed. This has been shown clearly for
the association with breast cancer [115,116]. It is also noteworthy that the enzymes that metabolize
lycopene are polymorphic. This contributes to wide inter-individual variations in lycopene plasma
levels and so will influence health outcomes potentially associated with this carotenoid [106].
In relation to CVD, a short term study found that enhancing carotenoid bioavailability favorably
influenced biomarkers for CVD as end points. In a small (11 subjects) randomized cross-over trial,
LDL cholesterol and total cholesterol decreased significantly after the consumption of tomato with olive
oil, and this was associated with an increase of trans-lycopene and 5-cis-lycopene, respectively [108].
6.2. Implications
Food processing and the presence of fat increase carotenoid bioavailability and there is some
limited evidence that increasing carotenoid bioavailability may improve health benefits, at least in
relation to CVD. It is less clear if preparing the food with fat is superior to simply having fat in the
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meal. Also, more work is needed to clarify if olive oil has benefits over other types of oils in relation to
carotenoid absorption. Nevertheless, EVOO does have the added advantage that when vegetables are
fried in it they may absorb beneficial micronutrients from the oil.
7. Cruciferous Vegetables
Cruciferous vegetables (e.g., cabbages, broccoli, cauliflower), also known as brassicas, contain
a wide range of health promoting compounds including polyphenols, carotenoids, tocopherols and
vitamin C. However, it is the presence of glucosinolates (GSLs) in crucifers that distinguishes them
from other vegetables, and it is these compounds that have received the most attention. Most GSLs
are considered to be inactive, but when they come into contact with the enzyme myrosinase GSLs are
converted into various bioactive products including isothiocyanates and nitriles.
Sulforaphane, the breakdown product of the GSL glucoraphanin, is found in a wide range
of crucifers. Sulforaphane has anti-carcinogenic and cyto-protective effects through its ability to
activate the transcription factor nuclear factor erythroid 2-related factor 2 (Nrf-2) that in turn induces
phase 2 metabolizing enzymes and antioxidant proteins [117,118]. In animal models, sulforaphane
protects not only against carcinogenesis but also against organ damage and various neurodegenerative
diseases [117,119]. A number of clinical studies have shown an effect of supplementation with
various crucifers or glucosinolates on factors implicated in carcinogenesis such as cytoprotective
enzymes (e.g., glutathione transferase) and markers of Helicobacter pylori colonization and gastric
inflammation [118]. Some prospective studies on breast cancer showed a risk reduction associated
with crucifer consumption [120,121], and also some evidence for a risk reduction of for gastric cancer,
although the evidence is limited [122].
7.1. Food Processing
Because of their pungent taste, most crucifers are cooked prior to consumption. Two major
cooking processes that reduce GSL breakdown products are leaching of the water-soluble GSLs into
cooking water and heat inactivation of myrosinase. McNaughton and Marks estimated that on average
36% of GSLs are lost following processing of crucifers [123]. However, actual losses will vary widely
depending on the precise cooking technique employed. Leaching of GSLs during boiling in water,
the most common cooking technique for crucifers in western countries, is estimated to lead to losses
of between 25%–75% of GSLs [124]. It is therefore noteworthy that in Mediterranean cuisine crucifer
leaves are commonly consumed as part of composite dishes in which the cooking liquor is also
consumed (soups and stews).
Myrosinase is progressively inactivated by heat, hence reducing its capacity to generate bioactive
GSL breakdown products. Consuming crucifers raw will not only ensure that myrosinase remains
active but also avoid losses from leaching. Rocket (arugula) is the most common crucifer leaf consumed
in salads. In Mediterranean countries, both the cultivated form Eruca sativa and the wild form Diplotaxis
tenuifolia are consumed. Extracts of E. sativa reduced benzo(a)pyrene-induced genotoxicity against
human hepatoma (HepG2) cells [125] and had a range of cancer chemopreventive effects in cell culture
and animal models [126]. An isothiocyanate-rich extract of E. sativa was found to inhibit melanoma
growth and angiogenesis in mice [127]. A wide range of glucosinolates has been identified in E. sativa
and D. tenuifolia [128]. Unlike other glucosinolates, glucoerucin, the main glucosinolate found in
Eruca species, has direct antioxidant activity as well as acting as a precursor for the isothiosulphanate
erucin [129].
7.2. Implications
Since food processing strongly influences the levels of GSL breakdown products in cruciferous
vegetables this may impact on the health benefits of consuming these vegetables. This is suggested in a
case-control study that found that consuming raw crucifers was associated with a risk reduction
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of bladder cancer (OR 0.64; 95% CI 0.42–0.97) whereas this was not observed for total crucifer
consumption [130]. Apart from plant myrosinase, GSL breakdown products are also generated
by the action of gut bacteria. However, this is less efficient than by plant myrosinase [131].
Moreover, relying on this as a means of generating GSL breakdown products is also less desirable
because of the wide variations between individuals in their capacity to breakdown GSLs; this has been
attributed to inter-individual variations in gut microflora composition [132].
Preparation techniques that retain cooking liquid (e.g., soups and stews) or that do not
inactivate myrosinase (e.g., consuming raw) will maximize available GSL breakdown products.
Providing myrosinase in the form of crucifer leaves is one way to compensate for losses of myrosinase
activity. Providing myrosinase in the form of a few raw crucifer leaves (broccoli sprouts) was found to
enhance conversion of a glucoraphanin-rich powder [133]. In Italy and Provence, salads that include a
few rocket leaves are popular and may be able to act in a similar way by enhancing the conversion of
glucosinolates from a dish of cooked crucifers in which the myrosinase has been inactivated. Blanching
prior to freezing is another process that inactivates myrosinase, and adding raw crucifer (0.25% daikon
root) was able to restore 100% of sulforaphane formation in frozen broccoli [134]. Hence, a few raw
crucifer leaves may also be useful when consuming frozen crucifers.
Although retaining GSLs might be desirable from a health point of view, GSL breakdown products
are responsible for the pungent taste of crucifers and hence many cultures prefer to consume these
vegetables cooked, a process which will reduce pungency but also GSLs. Both taste and texture
affect the cooking time chosen by consumers and the impact of these decisions on GSL content
has been modeled for broccoli consumption. This study found that the most common boiling time
compatible with optimal sensory acceptability (20 min) corresponded to a 20% to 80% reduction in
GSL content (depending on the amount of water added) [135]. In contrast to this usual convention
in western cuisine of consuming crucifers as a separate vegetable, crucifers in Mediterranean cuisine
are frequently consumed as part of composite dishes such as stews or soups. Here the taste of GSL
breakdown products is complemented by other flavors and higher levels of GSLs in the dish may be
more acceptable. In the case of raw rocket leaves where levels of GSL breakdown products cannot be
manipulated by cooking, a sweetened salad dressing may be added, although in a sensory analysis
by a group of panelists the bitterness of rocket was perceived as a positive attribute in itself [136].
Another source of GSLs in the traditional MD is wild greens. The collection and consumption of
wild greens remains an important part of the traditional Mediterranean diet [137], and wild greens
belonging to the crucifer family, such as wild mustards, will add to the overall dietary intake of GSLs.
8. Alliums
The MD typically includes high consumption of onions and garlic. Two groups of phytochemicals
in alliums that have received particular attention for their putative health benefits are organo-sulfur
phytochemicals (thiosulfinates) and flavonoids. Thiosulfinates are volatile, unstable compounds
generated by the enzyme alliinase from precursors (S-alk(en)yl-L-cysteine sulfoxides). In garlic,
alliin is first converted by alliinase to allicin which then degrades to various compounds including
ajoene, diallyl sulfides and vinyldithiins. These compounds are rapidly metabolized in vivo [138],
and one metabolite of diallyl disulfide and diallyl trisulfide, hydrogen sulfide, is implicated in the
vasoactive effects of garlic [139]. Allicin has in vitro anti-bacterial action against H. pylori which is
incriminated in stomach cancer [140]. High levels of flavonoids are present in onions and garlic;
onions contain particularly high levels of quercetin and kaempferol glucosides and garlic contains
myricetin glucosides [141]. Both organo-sulfur compounds and quercetin have antioxidant and
anti-inflammatory properties [142,143].
As is the case for many individual fruits and vegetables, epidemiological studies of all sites
cancer risk and garlic intake are inconsistent because most cancer sites have specific modifying
factors. The World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
qualified the level of evidence for a causal relationship between allium vegetable consumption and
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prevention of stomach cancer and for colorectal cancer as probable [144]. For colorectal cancer, this was
confirmed in the WCRF/AICR Systematic Literature Continuous Update Project (CUP) of 2011 [145].
These collective expertise reports have subsequently been confirmed by several studies. A recent review
of Southern European case-control studies (mostly Italian cohorts) suggested that high intakes of onion
and garlic decreased the risk for cancers of the oral cavity and pharynx, oesophagus, colorectum,
larynx, endometrium, ovary and kidney (garlic only) [81]. In addition, in a case control study raw
garlic consumption (two or more times per week) was inversely associated with lung cancer (OR 0.56;
95% CI 0.44–0.72) [146]. The authors speculated that this may have been because the volatile oil from
raw garlic (which includes allicin and diallyl sulfides) is largely excreted in the lungs and hence may be
able to exert a beneficial effect there. In another meta-analysis of mostly case-control studies, combined
allium intake (garlic, onions and others) was significantly associated with reduced gastric cancer
risk (OR 0.54; 95% CI 0.43–0.65) [147]. However, a recent meta-analysis found no overall protective
effect of garlic consumption, even in the cohort studies which included garlic supplements [148].
There was considerable heterogeneity between studies and when only the case-control studies were
analyzed (excluding the cohort studies and supplements) there was a 37% risk reduction (combined
risk estimate = 0.63; 95% CI 0.48–0.82) in spite of significant heterogeneity in this sub-group analysis.
Garlic is also linked to reducing cardiovascular risk based on favorable effects in vitro and in
animal studies in preventing vascular inflammation and reactive oxygen species (ROS) production,
increasing nitric oxide, and inhibiting platelet aggregation. [149]. However, only modest effects on
blood pressure were described, and a recent Cochrane review of epidemiological studies found
insufficient evidence to determine if garlic provides a therapeutic advantage versus placebo in
terms of reducing the risk of mortality and cardiovascular morbidity in patients diagnosed with
hypertension [150].
8.1. Food Processing
Although there is also some rationale from experimental studies that raw garlic may have
beneficial effects over and above cooked garlic for the prevention of cancer and CVD, there are too
few epidemiological studies to undertake this analysis [149,151]. Nevertheless, food processing may
differentially affect flavonoids and organo-sulfur compounds since they have distinct properties.
Leaching of water soluble compounds is less of an issue for onions and garlic since they usually
form the base of a dish that is consumed in its entirety. However, onions and garlic are frequently
subject to high temperature cooking by frying. After moderate frying (5 min), concentrations of
quercetin glucosides (quercetin 4-glucoside and quercetin 3,4 di-glucoside) in onions increased even
when expressed on a dry weight basis which may possibly be explained by loss of other soluble
solids and/or increased extractability due to plant cell wall degradation [152]. Longer heat treatments
(>10 min) decreased levels of the quercetin glucosides.
The alliinase system is analogous to myrosinase in crucifers by being activated by damage to the
plant tissue and also by being susceptible to inactivation by heat. Crushing garlic and allowing
time for allicin to accumulate before heating improved the in vitro antiplatelet activity of garlic
compared to heating garlic without crushing. [153], and, similarly, conditions that retained thiosulfinate
generation in onions, such as heating whole intact onions, enhanced their anti-platelet activity [154].
However, the relevance of these in vitro findings to in vivo is unclear because of the rapid metabolism
of allicin that occurs in vivo.
8.2. Implications
Whereas moderate cooking may enhance the bioavailability of quercetin glucosides in onions,
cooking is deleterious to the generation of organo-sulfur compounds. There is no evidence that alliin is
converted by gut bacteria to allicin, hence food processing is an important way of generating bioactive
organo-sulfur compounds. Although epidemiological evidence is currently lacking, evidence from
experimental studies suggests that typical Mediterranean dishes that include raw garlic or raw onions
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may have greater protective effects than for heated garlic or onions where alliinase has been inactivated.
Crushing garlic (common in Spain) rather than chopping, and finely processing onion (such as the
custom of using grated onions in tagines) may also be beneficial by causing greater plant cell disruption
which increases alliinase activity.
9. Nuts
Nuts are an important component of the MD and have been shown to have significant health
benefits, especially against CVD and all-cause mortality (see [155,156] for recent meta-analyses).
The Predimed study found that when nuts (a combination of walnuts, almonds and hazelnuts) were
given to enrich a MD, they reduced the risk of incident CVD and of diabetes [157]. Data on cancer are
currently too limited to draw conclusions [158].
Nuts contain broadly similar constituents, and most nuts are rich sources of unsaturated fats
(and low in saturated fatty acids (SFA)), protein, arginine (a precursor of nitric oxide (NO), important
for vascular tone), fiber and a variety of minerals and vitamins including tocopherols, folate, Mg and Ca.
However, there are important differences between nuts. For example, although the predominant FA in
most nuts is MUFA (oleic acid), walnuts contain only low levels of MUFA and are high in PUFA (linoleic
acid and α-linolenic acid). α-Tocopherol predominates in almonds and hazelnuts but γ-tocopherol
is the main form in walnuts and pistachios [159]. Nuts are also excellent sources of antioxidant
phenolics, with some nuts having particularly high levels of proanthocyanidins and hydrolysable
tannins (gallotannins and ellagitannins) (see [160] for recent review). The stilbene trans-resveratrol
occurs in peanuts and resveratrol-3-β-glucoside (piceid) has recently been identified in almonds [161].
9.1. Food Processing
Two common processing techniques that may influence the health benefits of nuts are removal
of the skins (pellicles) and roasting. The pellicle is a major source of “total antioxidant capacity”
(TAC) as measured by the FRAP (ferric reducing antioxidant potential) assay, particularly in walnuts
where, by one estimate, 95% of TAC was present in the pellicle [162]. In another study, removal of the
pellicle reduced TAC by approximately 36% in hazelnuts, 90% in walnuts and 55% in pistachios [163].
This reduction in TAC can be explained because the pellicle is the location for the majority of phenolic
antioxidants. For example, pistachio skins contain 70.27 mg of flavonoids/g fresh weight (expressed
as catechin equivalents) whereas the kernel contains only 0.46 mg of catechin equivalents/g fresh
weight [164]. Some nuts such as walnuts are almost always eaten with their pellicle whereas others,
such as peanuts, are usually eaten without it. Peanuts are the main type of nut consumed in some
non-Mediterranean countries, and so nut-derived antioxidant polyphenols may be lower in these
countries. However, nuts without their skins still contain various fat soluble antioxidants such as
tocopherols since these are present in the kernel [160].
Almond skin is an effective inhibitor of copper-induced oxidation of human LDL cholesterol [165].
However, the benefits of consuming the whole nut may be greater since antioxidant polyphenols
from almond skins were shown synergise with α-tocopherol to increase the resistance of LDL to
oxidation [166]. This may be explained by flavonoids recycling the radical generated by α-tocopherol
during inhibition of LDL oxidation [167]. Beneficial effects have been observed even for nuts without
their pellicles. For example, a recent crossover clinical study on 15 moderately hypercholesterolemic
subjects examined the differential effects of whole walnut, walnut oil, meat and skin on biomarkers
for cardiovascular disease risk [168]. Walnut oil favorably affected endothelial function, and whole
walnuts increased cholesterol efflux.
Nuts are sometimes consumed after roasting (which is typically between 140–180 ˝C).
Roasting may cause changes to nut lipids and phytochemicals and generate new products through
the Maillard reaction. Some studies [169] but not others [170] found small increases in trans-FAs after
roasting, although levels were not considered to be of a concern to health. Increases in lipid oxidation
products (as measured by Thiobarbituric Acid Reactive Substances—TBARs) following roasting
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correlated with the PUFA content, and tocopherol levels were reduced by prolonged roasting [170].
Although roasting can reduce antioxidant polyphenols in the nut skins, prolonged roasting can
increase overall TAC. Possible reasons for this have been suggested by Bullo and colleagues and
include breakdown of polymeric polyphenols to monomers, hydrolysis of glycosylated flavonoids,
the decomposition of aglycones and the formation of Maillard reaction products (MRPs) with
antioxidant activity [171]. The Maillard reaction can also lead to the production of harmful products.
One such product, acrylamide, is produced by roasting, especially in almonds at high temperatures,
which is probably due to their high asparagine and reducing sugar content [172]. Advanced glycation
endproducts (AGEs), which are mostly pro-inflammatory, also form when almonds [173] and other
nuts [174] are roasted.
Although complex changes can occur to antioxidants in nuts during roasting, the effects of
roasting on oxidative stress have not been examined in clinical studies to the best of the authors’
knowledge. A few clinical studies have examined the consequences of roasting on other health
parameters. One study comparing the effects of unprocessed with processed peanuts (whole raw,
roasted unsalted, roasted salted or honey roasted peanuts, or ground peanut butter) found that none
of the forms of peanuts induced a change in body weight or lipid parameters (total, LDL-cholesterol
and triglycerides) [175]. In a few hypercholesterolemic subjects, total cholesterol, LDL-cholesterol and
triglyceride concentrations were reduced in the same way by unprocessed and by processed forms of
peanuts. Similarly, both raw and roasted almonds lowered LDL-cholesterol and total cholesterol [176].
9.2. Implications
It is likely that the health benefits of nuts result from many components in nuts such as their
healthy fat profile, high level of antioxidants, and high levels of arginine (which acts as a source of NO).
In vitro studies suggest that whole nuts (with their skins) that are either unroasted or only moderately
roasted will be optimal for health although clinical studies suggest that some lipid parameters are
influenced similarly by roasted or unroasted nuts. Although assessments of nut intake in the MD
do not distinguish between the type of nut, this could be a confounder, for example because of the
significantly different fatty acid profile for walnuts. Retaining the skin also improves storage since the
skin acts as a protective shield against oxidation of unsaturated fatty acids [177].
10. Meat
Low meat consumption is recommended as part of a MD. Red meat consumption was shown to
increase inflammatory biomarkers in healthy women [178] and thus meat may work in opposition to
the anti-inflammatory effects of many plant foods. Not only does a low meat diet reduce the DII [179],
but aspects of Mediterranean cuisine may also contribute to reducing the inflammatory effects of meat
as discussed below.
Red meat consumption is consistently associated in prospective studies with an increased risk of
obesity [180–183] and diabetes [184–190]. For CVD, two recent meta-analyses showed an increased
risk with red and processed meat, with a level of evidence of “probable” [191,192]. Cancers have
also been associated with meat consumption particularly colorectal cancer. Red meat and processed
meat have been analyzed separately, and the WCRF/AICR CUP qualified the level of evidence for a
causal association between red meat and processed meat and colorectal cancer as convincing [145].
Since this study, six prospective studies [193–198], three meta-analyses [199–201] and one analysis of
pooled studies [202] have shown some inconsistencies in relation to processed meat which might be
related to different processing methods of meat between countries. However, the level of evidence
for the association remains probable to convincing and underlines the importance of processing
methods. Two prospective studies analyzed the relationship between prostate cancer and processed
meat, and both showed a significantly increased risk suggesting a positive association [203,204].
One group of compounds implicated in the adverse effects of cooked meat is MRPs. Most MRPs
in meat result from cooking at high temperatures, and although some MRPs contribute to the
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desirable flavor of cooked meat, others, including heterocyclic amines (HCAs) and advanced glycation
endproducts (AGEs), are potentially harmful. HCAs are suspected carcinogens, whereas many AGEs
have pro-inflammatory activities and are incriminated in a wide range of chronic diseases [205].
Although below median consumption of meat is positively scored for in the MD, there is no
consideration of how cooking techniques, such as the degree of cooking or foodstuffs cooked with
the meat, may modify the formation of pro-inflammatory or pro-carcinogenic MRPs. Here we briefly
discuss the evidence for adverse health effects of MRPs in meat especially in relation to inflammation,
and we then discuss if food processing techniques relevant to the MD may reduce their formation.
10.1. Heterocyclic Amines
Cooking meat at high temperatures generates a wide range of HCAs, and more than 25 have so far
been identified [206]. PhIP (2-amino-1-methyl-6-phenylimidazo(4,5-b)pyridine) is the most abundant
HCA detected in the human diet, followed by MeIQx (2-amino-3,8-dimethylimidazo(4,5-f)quinoxaline)
and DiMeIQx (2-amino-3,4,8-trimethylimidazo(4,5-f)quinoxaline). In 1993 the International Agency for
Research on Cancer concluded that the evidence from animal studies was sufficient to claim that PhIP
and MeIQx are carcinogenic. Studies examining if HCAs contribute to the association between cooked
meat and colorectal cancer risk are inconsistent (reviewed in [207]). The results of a case-control study
strongly suggested an association with increased risk of breast cancer with high intake of well-done red
meat and MelQx among postmenopausal women only (P-trend = 0.002 and 0.003, respectively) [208].
The evidence for a causal relationship between processed meat and breast cancer is limited and mainly
observed in case-control studies where a genetic polymorphism in N-acetyltransferase 2 has been
investigated in relation to the presence of HCA in foods (e.g., [209]). However, recent evidence does
not suggest that polymorphisms in genes that metabolize HCAs (N-acetyltransferase 2 and CYP 1A12)
modify colon or breast cancer risk [210,211]. In the National Institutes of Health (NIH)—AARP Diet
and Health prospective study, there is suggestive evidence implicating HCAs found in red meat cooked
at high temperatures in gastric cardia and non-cardia adenocarcinomas although the association never
reached statistical significance [212].
10.2. Advanced Glycation Endproducts
AGEs result from dicarbonyl groups from carbohydrate degradation products reacting with
an amino terminal group. Although AGEs are mainly products of the Maillard reaction, they can
also be formed from the auto-oxidation of glucose or from the peroxidation of lipids into dicarbonyl
groups due to oxidative stress [213,214]. As well as coming from the diet, AGEs are also produced
endogenously in the body. Cooked meat is the major dietary source of AGEs in most countries, with
fish, aged cheese and roasted nuts being other sources [215].
Many in vitro studies have shown that AGEs increase oxidative stress and inflammation and this
may at least in part be mediated by binding of AGEs to a receptor (RAGE) [205]. A number of human
studies have demonstrated a link between dietary intake of AGEs and inflammation, although results
are not conclusive. From a recent systematic review of human intervention studies in both healthy
individuals and patients with an underlying disease (mostly commonly type 2 diabetes), the authors
concluded that the main effect was a decrease in inflammatory status on a low AGE diet, whereas results
for an increase in inflammatory status on a high AGE diet were less consistent [216]. The response
to AGEs may be related to the inflammatory status of the individual and the level of circulating
AGEs [216]. AGEs have been implicated as causal factors for a wide range of diseases, in particular for
type 2 diabetes [217,218] and also for memory decline and Alzheimer’s disease [219,220]. In a recent
study, a high level of circulating methylglyoxal (MG)—an AGE precursor—was shown to correlate with
impaired cognition in humans and impaired learning and memory function and enhanced amyloid-β
accumulation in mice [221]. In addition, high dietary consumption of AGEs has been shown to be
associated with pancreatic cancer [222]. Despite this accumulating evidence, the role of AGEs in disease
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pathology remains controversial and there are conflicting results both in preclinical and clinical studies,
not least because of the lack of a fully validated assay for measuring the AGE content of foods [14,214].
There is some limited evidence linking AGEs with the MD. In a population of Italian students,
loss of adherence to a MD correlated with an increased intake of AGEs [223]. A recent study that
retrospectively estimated AGE intake from various ecological and cohort studies showed that high
adherence to a MD resulted in a lower meat and dairy intake, both of which contained high levels of
AGEs [215]. This study then compared the extrapolated AGE intake to Alzheimer’s disease incidence
in two cohorts (Washington Heights-Inwood Community Aging Project cohorts from 1992 and 1999).
They proposed a correlation between AGE intake and Alzheimer’s disease incidence although further
studies are required to validate this study.
10.3. Food Processing
Several aspects of Mediterranean cuisine may contribute to reducing the inflammatory and
carcinogenic effects of meat that are mediated by MRPs. The Maillard reaction is a non-enzymatic
reaction that is influenced by a large range of factors. The reaction accelerates significantly at high
temperatures, with a doubling in the rate with a 10 ˝C increase in temperature [224] and levels
of AGEs in foods cooked at high temperatures are typically up to 100-fold above those found in
uncooked foods [174]. This is an important consideration for meat since it is cooked at a wide range
of temperatures ranging from 100 ˝C for poaching/stewing, 140–190 ˝C for frying, to over 200 ˝C
for roasting and barbecuing. For example, levels of carboxymethyl lysine (CML) (an AGE precursor)
determined by UPLC/MS were up to twice as high in roasted chicken compared to boiled chicken [225]
The degree of “doneness” also influences AGE formation, and CML levels were twice as high in a
well-done roasted beef joint compared to one roasted rare [225].
The Maillard reaction is low at acidic pH [214] and marinating beef with lemon juice or vinegar
has been shown to reduce subsequent AGE formation during roasting [214]. Marinating is commonly
used in traditional Mediterranean cooking to tenderize tough meat. Besides effects on pH, constituents
in commonly used marinades have been found to reduce the formation of MRPs including some
types of HCAs. In most cases, the reduction in HCA formation was attributed to the antioxidant
activities of the marinades. For example, marinating chicken breasts with red wine reduced PhIP by
up to 88% [226], marinating beef patties with garlic was especially effective at reducing the formation
of MeIQx and 4,8-DiMeIQx [227], both MeIQx and PhIP were reduced by a rosemary extract [228].
VOO reduced the formation of various HCAs in fried burgers to a greater extent than non-VOO [229].
Various components in VOO may contribute to its ability to inhibit MRPs. Oleanolic acid—a main
terpene in olive oil and especially in olives [230]—has anti-glycative effects in diabetic mice [231].
There is a good deal of interest in the development of oleanolic acid for the treatment of diabetes
although multiple mechanisms may be involved in its action [232]. Olive phenolics, added as olive
mill waste water, trap dicarbonyl compounds and are being studied as anti-glycative agents, but it is
not known if VOO has similar properties to the olive mill waste water [233].
In Mediterranean cooking, meat is often cooked with other ingredients such as vegetables,
fruits, herbs and spices. A wide range of these foodstuffs have been shown to inhibit MRP formation,
including both HCAs [206] and AGEs [234]. For example, HCA formation in model systems comprising
mixtures of sugars and amino acids or meat extracts was inhibited by carotenoids from tomatoes [235]
and a cherry extract inhibited PhIP formation in beef patties by up to 93% [236]. However, not all
studies have been positive, and no significant differences in HCA levels were found between meat
samples cooked in the typical Portuguese way with garlic, wine, olive oil, onion, and tomato and in
control meat samples (cooked without other ingredients) [237]. Many foodstuffs typically used in
Mediterranean meat dishes including cinnamon, garlic and rosemary have been shown to inhibit the
formation of AGEs in in vitro and animal models [234].
65
Nutrients 2015, 7, 7925–7964
10.4. Implications
Not only is the MD low in foods with potentially high HCA and AGE contents—such as cooked
meat, it is also high in foods with a low content of these MRPs—such as fish, grains, low-fat milk
products, fruits, and vegetables. Lamb—the meat traditionally consumed most frequently in the
MD—has low levels of AGEs compared to other meats [174]. The wide range of studies demonstrating
that cooking meat with plant foods such as vegetables, fruit, herbs and spices lowers HCA/AGE
formation, suggests that this could be a healthful attribute of Mediterranean cuisine in comparison
to some other cuisines where meat is more typically cooked on its own. The overall composition of
a dish, rather than any single factor such as cooking temperature, can be important for determining
the formation of MRPs. Not only can many foodstuffs inhibit MRP formation but there may also be a
negative impact of combining meat with sources of sugars. For example, fried battered/breaded cod
(not a traditional technique in Mediterranean cuisine) had significantly higher CML levels than when
the fish was grilled/roasted, and casseroled chicken had higher levels of CML than portions roasted
on their own. This may be because reducing sugars in the prepared dish are reacting with lysine
residues in the protein [225]. The consequences of heating food are complex and not all MRPs are
equally harmful; indeed some are beneficial and some MRPs have antioxidant and anti-inflammatory
properties [238]. MRPs from foods rich in protein and fat appear to be more damaging than MRPs from
roasted coffee and the crust of bread. This may be related to the higher content of the AGE precursors
CML and MG in foods rich in protein and fat [213].
Since the Maillard reaction generates products with favorable attributes such as color and aroma,
the aim—for optimum consumer acceptability—should not be to eliminate the Maillard reaction
altogether but rather to use cooking techniques that direct the reaction towards favorable products
rather than towards harmful ones [214]. Further research is clearly required to elucidate the roles of
HCAs and AGEs in health and their relation to food processing. The WCRF/AICR CUP in 2010 stated
that “it is probable that HCAs found on the surface of well-done meat can cause colon cancer in people
with genetic predisposition” but no recommendation was made to the general public [239]. In relation
to AGEs, recommendations for reducing AGE formation are strongest for diabetic patients and those
with kidney disease [214].
11. Discussion
The importance of considering the MD as more than just its food components is widely recognized.
According to UNESCO’s broad definition, the MD includes “a set of skills, knowledge, rituals,
symbols and traditions concerning crops, harvesting, fishing, animal husbandry, conservation,
processing, cooking, and particularly the sharing and consumption of food” [240]. Other commentators
have also emphasized the importance to the MD of practices such as food preparation methods and
physical activity [241], eating patterns and the absence of, or type of, snacking between meals [242,243].
Recent updates of the MD pyramid also emphasize “the production, selection, processing and
consumption of foods” and other aspects of the Mediterranean lifestyle [244] and this is summarized
in Table 1. In this review, we provide further evidence of the importance of these wider considerations.
In particular, we have identified several examples of food processing pertinent to the MD that can
have a significant impact on the nutritional qualities of foods such as olives, olive oil and vegetables
that are consumed as part of a MD.
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Table 1. Selected examples of how food processing techniques influence the levels of phytochemicals










Processing Ó Hydroxytyrosol, Ò acrylamide [48,63]
Pitting Ó Hydroxytyrosol [64]
Olive oil Refining Ó Polyphenols [51] Ó Protection of LDL-cholesterolfrom oxidation in humans [51]
Extra virgin
olive oil
Deep frying (heating to
180 ˝C)
Ó Hydroxytyrosol [67]
Small Ó in oleocanthal [70]
Small Ó in lignans [69]
Ó Hydroxytyrosol, oleuropein
aglycone, luteolin [72]
Tomatoes Cooked in olive oil
Ò Lycopene bioavailability [107,108]
Ò Naringenin bioavailability [110]
Mechanical processing Ò Naringenin bioavailability [111]
Crucifers
Boiling Ó Glucosinolates [124]
Chopping Ò Isothiocyanates [123]
Onions
Frying 5 min Ò Quercetin glucosides [152]
Frying > 10 min Ó Quercetin glucosides [152]
Garlic Crushing Ò Allicin [153] Ò In vitro antiplatelet activity [153]
Nuts
Removal of pellicle Ó Anti-oxidant polyphenols [162–164]
Ó Total plasma antioxidant
capacity in overweight and
obese adults
[168]
Roasting Ò or Ó Total antioxidant activity [171] No change in LDL- cholesterollowering effect [176]
Contrasting with this perspective, it is often considered that effectively promoting a MD in
non-Mediterranean countries requires taking into consideration the cultural cuisine of the country in
question, and allowing for the ways food items are typically prepared and cooked in the adopting
country [3,245]. This potentially creates a mismatch between tailoring the MD to non-Mediterranean
cuisines whilst at the same time respecting the specific cultural aspects of traditional Mediterranean
cuisine. Fortunately, advice on food processing pertinent to the MD is, in most cases, still compatible
with the cultural cuisine of consumers in non-Mediterranean countries, since it merely involves
changing cooking practices (such as stewing rather than boiling vegetables) or selecting healthier
variants of foods (e.g., of olives and olive oil). Further implications of food processing on the nutritional
qualities of foods are discussed more fully in the sections of this review for each food group.
At present, there is only limited information regarding the extent to which changing
food preparation and cooking practices influences levels of consumption of antioxidant and
anti-inflammatory phytochemicals. However, significant steps in this direction have been taken
with the development of a Retention Factor (RF) for polyphenols [246]. The RF is a measure of how
levels of polyphenols in foods change with food processing, and RF values have been incorporated
into recent estimates of polyphenol intake in cohorts from the EPIC study [247].
Further work is also required to establish if food processing influences health outcomes,
and whether or not this information should be incorporated into measures of adherence to the MD.
Adherence to the MD is usually determined by establishing a MD score for a population based on
median consumption of various food groups and then grouping subjects into quantiles based on their
score above or below the median value [248]. Upper versus lower quantile values typically vary 2–3 fold
for olive oil (in populations where olive oil is commonly consumed) [52] and 2–3 fold for vegetable
consumption [249]. This narrative review, and the more quantitative data from RF values from the
Phenol Explorer database [9], indicate that different cooking methods can also give rise to several-fold
differences in polyphenol content between vegetables, depending on the type of polyphenol and type
of vegetable. Hence, food processing practices may have a significant impact on the nutritional quality
of some foods in the MD, comparable in some circumstances to differences in intake between low and
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high consumers. The use of the RF database will help capture the influence of food processing on
the nutritional values of some food groups within the MD. However, this database only applies to
polyphenols and, as discussed in this review, there are many other influences on the nutritional value
of food groups, and there are currently no databases that quantify these. In addition, there are practical
difficulties in capturing a level of precision in epidemiological studies beyond “raw” and “cooked” for
vegetables and “boiled” and “fried” for animal products, and this information is of limited value if
it is not translated by food composition tables. In the same way, the use of herbs and spice might be
evaluated by “yes” or “no” or, at the most, by frequency, but never quantitatively.
12. Conclusions
In this review, we have highlighted aspects of food processing pertinent to the MD that can
influence the nutritional quality of foods, and we also provide evidence that this may impact on
health outcomes, especially in relation to oxidative stress and inflammation. Currently, it is difficult to
quantify this impact. Nevertheless, recognizing that food processing influences the nutritional quality
of foods may be important for public health campaigns promoting the MD and for epidemiological
studies comparing the health benefits of the MD between populations with different cooking practices.
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Abstract: Food-based dietary guidelines shift the focus from single nutrients to whole diet.
Guideline 3 of the Australian Dietary Guidelines (ADG) recommends “limiting” discretionary foods
and beverages (DF)—Those high in saturated fat, added sugars, salt, and/or alcohol. In Australia,
DF contribute 35% of total energy intake. Using the ADG supporting documents, the aim of this study
was to develop a food-based educational toolkit to help translate guideline 3 and interpret portion size.
The methodology used to produce the toolkit is presented here. “Additional energy allowance” is
specific to gender, age, height and physical activity level, and can be met from core foods, unsaturated
fats/oils/spreads and/or DF. To develop the toolkit, additional energy allowance was converted to
serves equaling 600 kJ. Common DF were selected and serves were determined based on nutrient
profile. Portion sizes were used to calculate number of DF serves. A consumer brochure consisting
of DF, portion sizes and equivalent number of DF serves was developed. A healthcare professional
guide outlines the methodology used. The toolkit was designed to assist dietitians and consumers
to translate guideline 3 of the ADF and develop a personalized approach to include DF as part of
the diet.
Keywords: dietary guidelines; discretionary foods; ready reckoner; dietary advice
1. Introduction
Dietary guidelines provide health professionals, policy makers and the public with evidence-based
recommendations that promote health and wellbeing and reduce chronic disease risk. They are
developed to guide food choices to optimize nutrient intake and improve eating patterns. In recent
years, there has been a shift away from nutrient-based recommendations to considering whole
foods in the context of total diet and food intake patterns. Globally, food-based dietary guidelines
(FBDG) have been promoted as an important part of national food and nutrition policies [1–3].
Dietary patterns proposed by FBDG help individuals meet their nutrient intakes by recommending
intake of nutrient-dense foods and limiting intake of nutrient-poor foods. In order to be effective in
optimizing health, there is a need for FBDG to be translated and personalized to facilitate compliance
and ultimately behaviour change. Personalization of dietary advice can serve to empower individuals
to make dietary changes relevant to them [4]. It is important that the behavior change be maintained.
To implement FBDGs, the joint FAO/WHO consultation report recommends providing a qualitative
version for the public and supporting quantitative materials aimed at dietitians and policy-makers [5].
FBDG typically include recommendations around nutrient-dense foods and beverages,
i.e., those that are high in fat, sugar, salt and alcohol. The general consensus is to “limit”, “avoid”,
“reduce” or consume these foods and beverages “sometimes” or “occasionally”. For example,
guideline 3 of the Australian dietary guidelines (ADG; Table 1) advises Australians to limit intake
of foods containing saturated fat, added salt, added sugars and alcohol [6]. Similarly, Americans
Nutrients 2015, 7, 2026–2043 82 www.mdpi.com/journal/nutrients
Nutrients 2015, 7, 2026–2043
are told to consume fewer foods with sodium, saturated fats, trans fats, cholesterol, added sugars,
and refined grains [7]; the Eat Well Plate of the UK suggests consuming just a small amount of
high fat/sugar foods [8]; Canadians are guided to limit foods and beverages high in calories, fat,
sugar or salt (sodium) [9]; and several European countries, including Switzerland, Austria and
Luxemburg, recommend limiting intake of saturated fat, sugar and salt but do not quantify this
recommendation [3]. While the advice is sound, its meaning can be lost in the absence of quantitative
guidance. How exactly does one interpret terms like “limit”, “small amounts” and “sometimes” to
translate them into meaningful, personalized advice?
Table 1. Guideline 3 of the 2013 Australian dietary guidelines [6].
Limit intake of foods containing saturated fat, added salt, added sugars and alcohol.
a. Limit intake of foods high in saturated fat such as many biscuits, cakes, pastries, pies, processed meats,
commercial burgers, pizza, fried foods, potato chips, crisps and other savoury snacks.
Replace high-fat foods, which contain predominantly saturated fats such as butter, cream, cooking
margarine, coconut and palm oil with foods, which contain predominantly polyunsaturated and
monounsaturated fats such as oils, spreads, nut butters/pastes and avocado.
Low-fat diets are not suitable for children under the age of 2 years.
b. Limit intake of foods and drinks containing added salt.
Read labels to choose lower sodium options among similar foods.
Do not add salt to foods in cooking or at the table.
c. Limit intake of foods and drinks containing added sugars such as confectionary, sugar-sweetened soft
drinks and cordials, fruit drinks, vitamin waters, energy and sports drinks.
d. If you choose to drink alcohol, limit intake. For women who are pregnant, planning a pregnancy or
breastfeeding, not drinking alcohol is the safest option.
In the U.S., these nutrient-dense foods and beverages are considered foods and food components
to reduce [7]; in Australia they are termed “discretionary foods” (DF) as they do not fit into the Five
Food Groups, or core food groups of the ADG and are not needed to meet nutrient requirements. DF
are not an essential part of dietary patterns. Nevertheless, as acknowledged by the ADG, “they [DF]
can contribute to the overall enjoyment of eating, often in the context of social activities and family
or cultural celebrations.” Being part of the Australian diet, the ADG advise DF can be included
occasionally if energy needs allow but that they should always be considered “extras” in the context of
energy requirements and when selecting a healthy eating pattern [10]. Consumers are encouraged
to check the nutrition information panel found on packaged foods and beverages to determine what
amount of food contains 600 kJ and examples of DF are offered. However, there is no specific guidance
on how many choices can be included in the diet of an individual based on their age, gender, height and
physical activity level nor clear cut-offs or guidelines for what constitutes a DF.
There is a gap between dietary recommendations and actual consumer behaviour and compliance
with the guidelines is generally poor. According to the most recent data from the 2011 to 2012 National
Nutrition and Physical Activity Survey, Australians are consuming less vegetables, fruits, grains and
dairy than recommended, while DF contribute 35% and 39% of the total daily energy intake for adults
(≥19 year) and children and adolescents (<18 year), respectively [11]. Comparatively, DF contributed
36% of daily energy intake of adults and 41% of energy intake of children and adolescents [12] in the
nationally representative 1995 National Nutrition Survey (NNS) and 35% [13] in the 2007 Australian
National Children’s Nutrition and Physical Activity Survey for children. Similarly, the majority of the
US population did not meet recommendations for all of the nutrient-rich food groups, except total
grains and meat and beans. Concomitantly, overconsumption of energy from solid fats, added sugars,
and alcoholic beverages was ubiquitous. Over 80% of adults 71-years and over, and 90% of all other
sex-age groups had intakes exceeding the discretionary calorie allowances [14].
A dietary guideline implementation strategy is as equally important as the development of the
evidence-base that inform the guidelines. The need for effective communications to assist in translating
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the recommendations into practical, actionable advice is widely acknowledged and has been included
as part of the release of guidelines globally [2,5,15,16].
There is a need to develop food-based resources to assist in translating dietary recommendations
into practice. With approximately 60% of Australian adults overweight and more than 25% obese [11],
this is especially important when it comes to nutrient-dense DF. Therefore, the aim of this research was
to develop a food-based educational toolkit to help dietitians and consumers translate guideline 3 of
the ADG. Specifically, to calculate the maximum number of DF serves that can be included as part
of the diet based on gender, age, height and physical activity level, and to provide guidance on the
number of serves of common DF and their portion size.
2. Experimental Section
2.1. Resources Used
The ADG [6] and the following supporting documents were used to develop the toolkit:
(i) A Modelling System to Inform the Revision of the Australian Guide to Healthy Eating
(Modelling System) [17]—A technical document that translates the nutrient reference values
into dietary models. It describes the amounts of various foods needed to meet the estimated
nutrient requirements of groups of Australian individuals of different age, gender and physical
activity level.
(ii) Eat for Health Educator Guide [10]—Developed for dietitians, nutritionists, primary and secondary
school teachers and other health educators with the aim of discussing food choices that minimise
the risk of developing diet-related conditions and to contribute to overall health in the long term.
(iii) The Eat for Health website [18]—The online platform for the ADG.
2.2. Determining how DF Fit into the Diet: The “Additional Serves” Toolkit
To determine where DF fit into the diet, the “Foundation Diets” and “Total Diets” dietary models of
the Modelling System were used. These diets demonstrate that while nutritional needs are met through
the whole diet and not by single foods, the combination of foods is critical. The Foundation Diets are
the dietary patterns that meet the nutrient and energy requirements for the smallest, youngest and
least active individuals in each age and gender group accounting for chronic disease, food supply and
social and cultural constraints. In addition to including foods from the Five Food groups (grain foods;
vegetables and legumes/beans; fruit; lean meats and poultry, fish, eggs, tofu and nuts; milk, yoghurt,
cheese and alternatives), or core foods of the ADG, an allowance for unsaturated fats, oils and spreads
was used in the development of the Foundation Diets. The Total Diets provide a range of flexible options
to add to the Foundation Diets to meet the higher energy requirements of people of varying body size
and higher physical activity levels (PAL). Thus, the Total Diets includes the Foundation Diets and an
“additional energy allowance”. DF were considered in modelling Total Diets so that any “additional
energy allowance” can be consumed from foods of the Five Food groups, unsaturated fats, oils and
spreads and/or DF (Table 2).
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Table 2. Rationale for determining how “discretionary foods” (DF) fit into the diet.
Total Diet = Foundation Diet + Additional Energy Allowance




Five food groups Five food groups




In order to develop the toolkit, the additional energy allowance had to be translated into additional
serves. A ready reckoner (RR) was developed based on age, gender, height (for adults only) and
physical activity level specific to additional serves so that dietitians and nutritionists could quickly
determine maximum daily DF intake.
One additional serve was defined as the kilojoule content of a DF serve from the ADG (i.e., 600 kJ;
143 kcal). Additional serves were calculated by dividing the additional energy allowance provided
in the Educator Guide (Appendix) by 600 kJ (143 kcal) and rounding to the nearest whole number.
For example, 1200 kJ (287 kcal) equals 2 serves.
Additional serves are based on gender, age, height (for adults only) and physical activity levels.
The age and height categories for the RR were obtained from the Educator Guide. Adults were grouped
into the following age bands: 19–30 years, 31–50 years, 51–70 years and >70 years. Height bands
ranged from 160 cm to 190 cm for males and 150 cm to 180 cm for females. For children, an energy
(kJ) value was provided for each single age between 2- and 18-years, independent of height. As there
was a discrepancy in the terminology used to describe physical activity levels between the ADG,
the Educator Guide and the Modelling System, a consistent definition based on those described on
the Eat for Health website was established. Physical activity categories from the additional energy
allowance tables were converted to those described online (Table 3).





RR Physical Activity Categories RR Physical Activity Definitions
Inactive Very sedentary (PAL 1.4) Sedentary
Sedentary work and no strenuous
leisure activities (e.g., an office worker
who drives to and from work and
spends most of their leisure time sitting
or standing).
Light Light to moderate (PAL
1.5–1.7)
Light
Mostly sedentary work with little or no
strenuous leisure activity (e.g., an office
worker who only occasionally exercises
(once or twice a week), lab assistants or
drivers).
Moderate Moderate
Moderately active work, predominantly
standing or walking (e.g., waiters, shop
assistants or teachers).
High Heavy occupational or highactivity (PAL 2.0) Vigorous
Heavy activity (e.g., tradesperson or
high performance athlete).
2.4. Consumer Brochure
A consumer-friendly brochure was developed to be used with the RR. The brochure outlines the
number of additional serves in common DF and their equivalent portion size. To develop the consumer
brochure it was necessary to define DF, group examples of popular DFs into simple, consumer-friendly
categories and determine their typical serving sizes.
85
Nutrients 2015, 7, 2026–2043
The ADG provides examples of DF, but no clear cut-offs for foods containing saturated fat,
added salt and/or added sugars are described; except for alcohol, which is easily identified.
The Modelling System describes DF as “higher-fat”, “higher-sugar” and “low energy density”
but does not quantify these descriptors. For the purposes of the toolkit, DF inclusion criteria were
defined based on the nutrient composition in the Modelling System:
Low fibre (≤10 g/100 g)
High fibre (>10 g/100 g)
Low fat (≤15 g/100 g)
High fat (>15 g/100 g)
High sugar (>30 g sugar; >35 g sugar if contains fruit per 100 g)
High sodium (>1000 mg/100 g)
All foods and beverages explicitly mentioned in any of the ADG documents as discretionary were
automatically included as DF (i.e., fruit drinks, honey, bacon, meat pies, cakes, chocolate, ice cream,
muesli bar, and all alcoholic beverages). Only foods that were not part of the Five Food groups, or core
foods, were assessed. Considering the cut-offs in the Modelling System, other popular foods and
beverages were analyzed for nutrient composition using NUTTAB2010 [19], the most recent reference
database from Food Standards Australia New Zealand at the time of this analysis, that contains data
on the nutrient content of Australian foods. Their inclusion in the DF list was determined using
the Modelling System cut-offs and by popularity of consumption. For example, banana cake was
chosen over black forest cake and a croissant was chosen over apple strudel. Total fat, saturated
fat, total sugars and sodium per 100 g were recorded for each DF under each category. Foods and
beverages high in sugars were assessed by a dietitian to determine if they were typical sources of
added sugars; those high in fat were assessed for their saturated fat content.
The DF list was then organized into consumer-friendly categories that reflect the current food
supply. Food group terminology from NUTTAB2010 and online supermarket categories were used.
A total of 10 DF groups and 72 foods and beverages were included. Examples of foods and beverages
within each group are presented in Table 4.
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Table 4. DF groups and examples of foods and beverages within each group.
Discretionary Food (DF) Group Foods and Beverages
Deli meats
Streaky bacon, fat not trimmed
SalamiHam, fat not trimmed (Prosciutto)
Sliced luncheon meats (e.g., Mortadella) Sausages (including continental and frankfurter)
Take-away and frozen foods
Meat pie Hamburger
Sausage roll Hot chips
Dim sim (dumplings), spring roll, Pizza Creamy style quiche (e.g., quiche Lorraine)
Confectionary
Chocolate bar/blocks Lollies/sugar confectionary
Chocolate coated bars or wafers Rocky road
Chocolate coated fruit/nuts Jelly snakes
Dessert foods
Chocolate pudding Ice cream (regular fat)
Chocolate mousse Ice blocks (fruit-juice based)
Pavlova Ice block, chocolate coated, cream-based
Sweet biscuits and bars Plain biscuits
Cream-filled biscuits
Muesli or breakfast bars
Chocolate coated biscuits Puffed rice bars
Bakery products
Lamingtons Sweet muffins
Sponge cake (cream and jam-filled) Doughnuts




Savoury foods and snacks
Potato crisps Savoury flavoured crackers
Corn chips Buttered popcorn
Cheese rings Cracker/pea mixes and noodle snacks
Sauces, syrups, spreads and dips
Tomato sauce or other (e.g., sweet chilli, BBQ) Jams
Cream salad dressings Butter
Chocolate hazelnut spreads Cream (e.g., whipped, thickened etc.)
Honey/maple syrups/golden syrup Creamy dips (e.g., French onion)
Alcoholic beverages
Full strength beer (5%) Spirits
Mid-strength beer (3.5%) and light beer (2.1%) Cocktails
Red wine Alcopop
White wine/sparkling white wine Cider
Non-alcoholic beverages
Sports drink Fruit drink/iced tea
Vitamin water Cordial/diet cordial
Soft drink/diet soft drink Energy drink
As serve size remains consistent and portion size changes, the tool was developed to reflect real
portion sizes as consumed. For each DF, a typical serve size was determined using the portion sizes
of those foods as depicted by Food Works Professional [20] and in their corresponding consumer
smartphone application Easy Diet Diary [21]—Two dietary recall tools commonly used by dietitians
and nutritionists in Australia, as well as consumers.
Portion size for each DF in each category was recorded in grams, and the energy (kJ) content
for all DF were calculated. In addition, a small, medium and large portion size for two specific DF
(hot chips and muffin) were calculated to depict the effect that portion has on number of DF serves.
The kilojoule content of each DF portion was divided by 600 kJ and mathematically rounded to
the nearest 0.5 to convert it to a serve. For example, chocolate pudding has 1272 kJ/100 g; one portion
equals one “regular serve” or 90 g. There are 1145 kJ per regular serve; divided by 600 kJ equals 1.91,
or 2 DF serves.
2.5. Healthcare Professional Guide
The healthcare professional guide details the ADG guideline 3 and explains additional serves.
Included in the toolkit is a step-by-step guide detailing how to use the educational materials.
It describes the RR and client brochure, suggests steps on how to use the toolkit and provides an
example case study.
3. Results
The Additional Serves toolkit consists of three resources:
1. The Additional Serves Ready Reckoner
2. A consumer brochure describing “How discretionary foods fit into a healthy diet”
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3. A Health Professional Guide to Additional Serves Resources
The Additional Serves Ready Reckoner (RR) is used to estimate the additional serves allowance
(Figure 1). Applying gender, age, height and physical activity level, the RR readily provides a maximum
daily number of additional serves that can be selected from the Five Foods groups, or core foods,
unsaturated fats/oils/spreads and/or DF.
A separate RR was developed for adults and for children and adolescents. When using the RR,
if a client falls between two height bands, then the serves can be estimated as a value between the two
corresponding values. Additional serves are recommended to meet additional energy requirements
only for people who are taller or more physically active. Additional serves, and therefore a DF
allowance, are not recommended for those who are overweight or who fall in the shortest, least active
category. Children and adolescents who are overweight or obese are encouraged to adhere to the
Foundation Diets and avoid additional serves in order to maintain body weight while the child grows
in height, thus “normalizing” BMI for age.
Figure 1. The additional serves ready reckoner.
The physical activity measure of the RR is reflective of occupation, or usual daily physical activity,
rather than planned physical activity. Thus, an individual could step up to the next physical activity
category if they exercise 30 to 60 min, 4 to 5 times a week.
To accompany the RR, a consumer brochure describing “How discretionary foods fit into a healthy
diet” was developed to assist consumers in understanding how many DF serves are contained in
common portions of DF (Figure 2). The consumer brochure was designed as an interactive educational
tool and can be personalized to help encourage consumers to assess their DF intake relative to their
maximum allowance. The brochure depicts 72 foods and beverages in 10 categories and states the
equivalent number of DF for a typical portion size. It includes a descriptor of each DF and its equivalent
portion size in grams or mL and using common household measures (e.g., 1 can/375 mL; 2–3 small/10
g; 1 regular bucket/100 g). Two sections called “Portion distortion: How portion size impacts on DF
serves” illustrate the food/beverage, energy content (kJ) and total number of DF serves for that portion
size. For example, hot chips are illustrated as small (1 small bucket—70 g; 720 kJ), medium (1 regular
bucket/100 g; 1028 kJ) and large (1 large bucket—240 g; 2467 kJ); corresponding to 1, 1 12 and 4 DF serves.
The consumer brochure includes “Healthy Lifestyle Tips”, which outline four key recommendations
from the Eat for Health website [18] on how to “Get more active”, “Get portion size right” “Eat mindfully”
and “Be prepared when away from home”.
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The Health Professional Guide to Additional Serves Resources was developed to assist dietitians
in using the RR and the accompanying consumer brochure to translate the guideline “to limit”
into practical and ersonalized advice (Figure 3). It includes information on guideline 3 of the ADG,
explains how to use the additional serves resources and provides an example as a case study.
3.1. How to Use the Additional Serves Resources
Applying gender, age, height and physical activity level to the RR results in a number ranging
from 0 to 11. The number is not a recommendation, rather it provides the maximum number of
additional serves that can be included in the diet per day providing a starting point for personalized
dietary recommendations based on an individual food habits, needs and goals. Additional serves
should preferably be consumed as core foods and/or unsaturated fats/oils/spreads over DF [10].
The following is the step-by-step process suggested to dietitians when using the RR:
1. Assess how many and how much (i.e., portion size) DF serves the client is currently consuming.
2. Use the RR to calculate number of additional serves based on age, height and physical activity
level. Depending on the client, the number of DF serves can be averaged for those individuals
who fall between two height bands. DF serves are not recommended for those who are overweight
or obese.
3. Make recommendations of how the additional serves can be met using a combination of core
foods, unsaturated fats/oils/spreads and/or DF serves. It is important to highlight how portion
size impacts greatly on kilojoules and DF serves.
3.2. Case Study
A 35-year-old woman, 170 cm tall and very active (i.e., high activity) requires an extra 4100 kJ,
or 7 additional serves, per day to meet her dietary needs. These additional serves can be consumed
through intake of core foods, unsaturated fats/oils/spreads and/or DF. For example, 4 × grains
(3.5 serves), 2 × fruit (1 serve), 1 × starchy vegetable (0.5 serve), 1 × legume (0.5 serve), 1 × salad
vegetable (0.5 serve) and 1 × DF (1 serve) or any other preferred combination at the discretion of the
healthcare professional and/or consumer based on dietary patterns and preferences.
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Figure 2. Consumer brochure.
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Figure 3. Health professional guide to additional serves resources.
4. Discussion
A food-based educational toolkit that helps translates guideline 3 of the ADG into practical,
actionable advice was developed. The toolkit includes a RR, a consumer brochure and a healthcare
professional guide, and is used to estimate the additional serves allowance of an individual accounting
for their gender, age, height and physical activity level. To our knowledge, this is the first tool of
its kind; designed to assist dietitians start the dialogue and offer personalized, food-based advice
on incorporating DF into the diet. It is intended that providing realistic targets to help consumers
understand how to include DF into their diet will support behaviour change. With approximately
60% of Australians overweight and DF contributing 35% and 39% of the total daily energy intake of
adults and children and adolescents, respectively, consumers need practical advice on how to translate
“limit”, “avoid”, “reduce”, or consume these foods and beverages “sometimes” or “occasionally”.
DF have a place within the diets of Australians; however, when DF displace nutrient-rich core
foods they can affect the nutrient profile of the diet and influence weight. Energy from nutrient-poor
foods such as cookies, candy and sugar-sweetened beverages was shown to be more closely related
to body mass index (kg/m2) than fruit and vegetable consumption or physical activity suggesting
these types of foods and beverages are important targets for obesity prevention campaigns [22]. In a
cluster analysis using diet history data from two clinical weight loss trials, correcting exposure to DF
was shown to be key to successful weight loss in individuals with a dietary pattern characterised by
non-core foods and drinks, higher- and medium-fat dairy foods, fatty meats and alcohol. Subjects who
reportedly consumed larger amounts of these foods and beverages at baseline were able to alter their
dietary pattern more successfully to achieve an energy deficit [23]. Therefore, adequately quantifying
DF and ensuring advice is given specifically regarding these foods within the diet prescription may
increase awareness of appropriate food choices and portion size, and assist with compliance [23].
The toolkit not only determines how many additional serves can be included as part of a
well-balanced diet but also provides guidance on where those additional serves should come
from (i.e., from one of the five core food groups, from unsaturated fats/oils/spreads or from DF).
Offering individuals more choice can empower them to make decisions about their diet that work
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for them and foster compliance. While the ADG provide general recommendations for a population,
the RR tailors advice to the individual that may facilitate dietary change.
FBDG worldwide include implementation strategies that attempt to translate recommendations
into consumer-friendly advice. The ADG are complemented by a website that provides resources
to support educators and consumers with implementing the recommendations, advice and tips
on eating well, and calculators that estimate energy and nutrient needs and the number of serves
to meet recommendations [18]. In the United States, federal agencies, regional and state offices,
food assistance programs, food and health organization and local community educators communicate
messages and implement guidance based on the 2010 dietary guidelines for Americans. Resources to
help communicate the dietary guidelines, including consumer messages, tools, and educational
materials, are also available at various websites, including ChooseMyPlate.gov and healthfinder.gov.
Consumers are offered daily food plans, a BMI calculator and tips on healthy eating and on how to
reduce certain foods and beverages (e.g., “Compare sodium in foods like soup, bread, and frozen
meals and choose the foods with lower numbers.” “Drink water instead of sugary drinks”) [24].
The Chilean implementation strategy included the development of written educational materials and
training for health professionals on using and communicating the dietary guidelines to the public [2].
The National Institute of Nutrition in India produced booklets, leaflets, posters and folders with
emphasis on pictorial representation of the messages to coincide with the release of their food-based
dietary guidelines [16]. And the Ministry of Health in Malaysia organized a series of advocacy and
training workshops for nutritionists and other health care professionals, as well as the food industry,
in an effort to widely disseminate their guidelines. Activities included provision of educational
materials, seminars and workshops, as well as road shows and exhibitions at the community level [25].
Despite the well-recognised importance of translating dietary guidelines into practical advice for
consumers, there is little research conducted in this area. Instead research considers population
compliance to dietary recommendations rather than developing strategies to assist behaviour
change [16,26–30]. “The need for translating the evidence into real behaviour change has never
been greater, as has the need for appropriate communications to the public [31].”
The toolkit not only provides consumers with a personalized target intake for DF but it may
assist with consumer education on how portion size and physical activity influence additional energy
allowance. Advocating portion-control can be an effective strategy for weight loss. Obese adults were
more likely to achieve and maintain meaningful weight loss when limiting portion sizes [32]. And obese
children found a portion-controlled diet easier to follow compared with a reduced-carbohydrate
diet [33].
Physical activity has also been shown as a successful intervention for weight loss and weight
maintenance [4,34]. As age, gender and height are independent variables in the toolkit, it is physical
activity level that has the greatest impact on the additional serves allowance. Although the physical
activity category is based on occupation, the fact that a higher physical activity category results in a
higher additional serves allowance may be one way of encouraging consumers to exercise more in
order to include DF into their diets.
While every attempt was made to ensure accuracy in developing the RR, modelling of dietary
intake has inherent limitations. All values were rounded, including height estimation, the additional
energy allowance values given by the ADG, the kilojoule content of DF and the values for serves.
Despite being derived from estimates, the RR provides consumers with a numerical understanding
of the total additional serves that will fit into their diet per day based on variables relevant to them.
Importantly, throughout development of the RR, it was tested on a group of 6 dietitians and advice was
sought from both the Dietitians Association of Australia and the Australian Government Department
of Health.
As with any implementation strategy, there is a need for the tool to be evaluated for effectiveness
among dietitians and to be assessed for its impact on the actual eating behaviour in the general
population. Efficacy cannot be determined in the absence of monitoring and critical evaluation.
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Further research is needed to evaluate the effectiveness of the resource. Ideally, this would include
some measure of dietary change by the individual.
5. Conclusions
In conclusion, this toolkit was designed to assist dietitians and consumers to translate guideline 3
of the ADG and develop a personalized approach to include DF as part of the diet.
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Appendix A
Table A1. Additional serves by age, gender and physical activity levels—Boys.
Age (Years)
Very Sedentary (PAL 1.4) Sedentary Moderate Vigorous (PAL 2.0)
Per Day Per Week Per Day Per Week Per Day Per Week Per Day Per Week
2 0 0 1 7 2 14 3 21
3 1 7 1 8 2 16 3 23
4 0 0 1 8 2 16 4 25
5 1 4 2 12 3 21 4 30
6 1 7 2 16 4 26 5 35
7 2 11 3 21 4 30 6 41
8 2 14 4 25 5 35 7 47
9 0 0 2 12 3 23 5 34
10 1 6 3 18 4 29 6 42
11 2 11 3 23 5 36 7 49
12 0 0 2 13 4 27 6 40
13 1 6 3 21 5 35 7 49
14 0 0 2 15 4 30 7 46
15 1 7 3 22 6 39 8 55
16 2 12 4 29 7 46 9 63
17 2 16 5 34 7 51 10 69
18 3 19 5 37 8 55 11 74
Table A2. Additional serves by age, gender and physical activity levels—Girls.
Age (Years)
Very Sedentary (PAL 1.4) Sedentary Moderate Vigorous (PAL 2.0)
Per Day Per Week Per Day Per Week Per Day Per Week Per Day Per Week
2 0 0 1 7 2 14 3 21
3 1 7 1 9 2 15 3 22
4 0 0 1 8 2 15 3 23
5 1 4 2 11 3 20 4 28
6 1 7 2 15 4 25 5 33
7 2 11 3 20 4 29 6 39
8 2 14 4 25 5 34 6 44
9 0 0 2 11 3 21 5 32
10 1 4 2 14 4 25 5 36
11 1 7 3 19 4 30 6 42
12 0 0 2 13 4 25 5 37
13 1 5 3 18 4 30 6 43
14 0 0 2 13 4 26 6 40
15 0 1 2 15 4 29 6 42
16 1 4 2 16 4 30 6 44
17 1 4 3 18 5 32 7 46
18 1 5 3 19 5 33 7 47
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Table A3. Additional serves by age, gender and physical activity levels—Adult males.
Age (years) Height (cm)
Very Sedentary (PAL 1.4) Sedentary Moderate Vigorous (PAL 2.0)
Per Day Per Week Per Day Per Week Per Day Per Week Per Day Per Week
19–30
160 0 0 2 15 4 30 7 46
170 1 8 3 23 6 40 8 56
180 2 15 5 33 7 50 10 68
190 4 25 6 42 9 61 11 79
31–50
160 0 0 2 15 4 29 6 44
170 1 6 3 21 5 37 8 53
180 2 12 4 28 6 44 9 62
190 3 18 5 35 8 53 10 70
51–70
160 0 0 2 13 4 26 6 39
170 1 5 3 19 5 34 7 48
180 2 11 4 26 6 41 8 57
190 2 16 5 34 7 49 9 65
>70
160 0 0 2 12 4 25 5 36
170 1 6 3 19 5 32 7 46
180 2 12 4 26 6 40 8 54
190 3 19 5 34 7 48 9 63
Table A4. Additional serves by age, gender and physical activity levels—Adult females.
Age (Years) Height (cm)
Very Sedentary (PAL 1.4) Sedentary Moderate Vigorous (PAL 2.0)
Per Day Per Week Per Day Per Week Per Day Per Week Per Day Per Week
19–30
150 0 0 2 13 4 25 5 36
160 1 7 3 20 5 33 7 47
170 2 15 4 29 6 43 8 57
180 3 22 5 37 8 53 10 68
31–50
150 0 0 2 13 4 25 5 36
160 1 4 2 16 4 29 6 42
170 1 8 3 21 5 35 7 48
180 2 12 4 26 6 40 8 54
51–70
150 0 0 2 12 3 23 5 34
160 1 5 2 16 4 28 6 41
>70
170 1 8 3 21 5 34 6 44
180 2 13 4 26 6 40 8 53
150 0 0 2 11 3 21 5 33
160 1 5 2 15 4 27 6 39
170 1 8 3 21 5 33 6 44
180 2 14 4 26 6 39 7 51
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Abstract: No diet score exists that summarizes the features of a diet that is optimal for bone mineral
density (BMD) in the elderly. Our aims were (a) to develop a BMD-Diet Score reflecting a diet
that may be beneficial for BMD based on the existing literature, and (b) to examine the association
of the BMD-Diet Score and the Healthy Diet Indicator, a score based on guidelines of the World
Health Organization, with BMD in Dutch elderly participating in a prospective cohort study, the
Rotterdam Study (n = 5144). Baseline dietary intake, assessed using a food frequency questionnaire,
was categorized into food groups. Food groups that were consistently associated with BMD in the
literature were included in the BMD-Diet Score. BMD was measured repeatedly and was assessed
using dual energy X-ray absorptiometry. The BMD-Diet Score considered intake of vegetables, fruits,
fish, whole grains, legumes/beans and dairy products as “high-BMD” components and meat and
confectionary as “low-BMD” components. After adjustment, the BMD-Diet Score was positively
associated with BMD (β (95% confidence interval) = 0.009 (0.005, 0.012) g/cm2 per standard deviation).
This effect size was approximately three times as large as has been observed for the Healthy Diet
Indicator. The food groups included in our BMD-Diet Score could be considered in the development
of future dietary guidelines for healthy ageing.
Keywords: dietary patterns; bone mineral density; BMD-Diet score; healthy diet indicator
1. Introduction
Osteoporosis, characterized by low bone mineral density (BMD), is a major determinant of
fracture risk and can lead to a decreased quality of life and loss of independency in the elderly [1].
An important and modifiable risk factor for osteoporosis is an inadequate diet [2]. Although studies on
single nutrients, such as calcium and Vitamin D, have provided important insights on the relationship
between diet and bone health [3], investigating full dietary patterns has additional benefits because
additive or antagonistic nutrient-interactions might occur [4]. Two main approaches of dietary pattern
Nutrients 2015, 7, 6974–6990 97 www.mdpi.com/journal/nutrients
Nutrients 2015, 7, 6974–6990
identification can be distinguished. The first is an a posteriori approach, in which statistical data
reduction techniques, such as factor or cluster analysis, are used to identify dietary patterns in a
specific population [4]. This approach can be particularly useful to identify the local and existing
dietary patterns as they are shaped by a variety of lifestyle factors, including individual preferences
and beliefs, cultural traditions, and food availability and affordability [5]. Second, an a priori approach
can be used, in which diet scores or diet indices are developed based on current knowledge from
literature and guidelines.
Examples of diet scores are the Alternate Healthy Eating Index (AHEI) and the Recommended
Food Score (RFS), which reflect diet quality based on the Dietary Guidelines for Americans and the food
guide pyramid developed by researchers at the US Department of Agriculture. However, these scores
were recently shown not to be associated with BMD in pre-menopausal women [6]. Accordingly, it may
be argued that existing dietary scores based on existing dietary recommendations may not fully capture
or consider foods that influence bone health.
Adherence to the dietary guidelines of the World Health Organization (WHO) [1] has been
translated into the Healthy Diet Indicator (HDI) by Jankovic et al., (2014) [7]. This score reflects the
overall quality of a subject’s diet based on single nutrients (e.g., sodium) and some food groups
(e.g., fruits and vegetables). The guidelines, and therefore the score, were developed based on existing
evidence on dietary intake and chronic diseases, which included limited data from osteoporosis-related
studies [1]. Moreover, as dietary guidelines are in transition to become food-group-based rather than
nutrient-based, it would be valuable to develop a BMD-Diet Score based on the intake of food groups.
By deriving these food groups from full dietary pattern analyses, this BMD-Diet Score might account for
potential nutrient interactions. Eventually, it might serve the development of future food-group-based
guidelines that sufficiently account for bone health.
In the present study, the first aim was to develop a BMD-Diet Score reflecting an overall diet that
may be beneficial for BMD based on a narrative review of previously published a priori and a posteriori
dietary pattern analyses on BMD. A second aim was to examine the association of the BMD-Diet
Score and the Healthy Diet Indicator, a diet score based on current dietary guidelines of the WHO,
with measured BMD and to compare these associations.
2. Experimental Section
2.1. Study Population
This study was embedded in the Rotterdam Study I (RS-I-1), a prospective cohort study among
subject from the Ommoord district in Rotterdam, the Netherlands. Participants were elderly males and
females of 55 years and older at baseline (1989–1993). Details on the design and main objectives of the
Rotterdam Study have been published elsewhere [8]. The Rotterdam Study has been approved by the
institutional review board (Medical Ethics Committee, MEC 89.230) of the Erasmus Medical Center and
by the review board of The Netherlands Ministry of Health, Welfare and Sports [8]. Written informed
consent was obtained from all subjects.
2.2. Dietary Assessment
All participants were interviewed at baseline for food intake assessment using an extensive
semi-quantitative food frequency questionnaire (FFQ) at the study center, administered by a trained
dietician. The questionnaire was validated and adapted for use in the elderly [9,10]. It consists of
170 food items and questions about dietary habits. The ability of the FFQ to rank subjects adequately
according to their dietary intakes was demonstrated by results from a validation study comparing
the FFQ to 15-day food records collected over a year to cover all seasons. Pearson’s correlation
coefficients of this comparison ranged from 0.4 to 0.8 after adjustment for sex, age, total energy intake,
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and within-person variability in daily intakes [9]. The dietary intake of nutrients was calculated using
the Dutch Food Composition Database (NEVO) from 1993 and 2006.
2.3. Development of the BMD-Diet Score
We searched PubMed for publications (through March 2015) on studies examining the relationship
between dietary patterns and BMD using the following search terms: “Dietary patterns” OR “diet
score” AND “bone” OR “BMD” OR “osteoporosis”. Studies included dietary patterns, derived by
either cluster or factor analysis, or dietary indices as exposure and bone mineral density or loss
thereof, or osteoporosis as outcome in adult populations. Selected studies on single food groups, single
dietary nutrients or nutrient biomarkers as exposure and outcomes other than bone mineral density or
osteoporosis were excluded. Furthermore, we excluded specific diseased populations, such as celiac
disease patients and studies in children (because their dietary patterns may differ of those from adults
and they are still undergoing bone accrual). We only considered original research (observational and
experimental) and no case reports.
We extracted food groups from dietary patterns and labelled them as “high-BMD” or “low-BMD”
food groups if significant associations (p < 0.05) were reported with high or low BMD, respectively.
Characterization as well as labelling of dietary patterns derived by principal component analysis was
based on their factor loadings, which represent the correlation between the food groups and the dietary
patterns. However, different studies might use different factor loading- thresholds. Because not all
studies reported smaller factor loadings, we only included food groups with a factor loading of >0.3 for
positively correlated food groups and <´0.3 for negatively correlated food groups. Next, we created bar
charts presenting the count of dietary patterns in which any of these food groups occurred. Only those
with the highest frequency of occurrence (>25th percentile of cumulative count) were included for the
BMD-Diet Score. The direction of the association (favorable or unfavorable) was considered consistent
when more than two thirds (67%) of the studies showed an effect in the same direction. Only food
groups with consistent associations with BMD were included in the BMD-Diet Score.
For each participant, the newly developed BMD-Diet Score was calculated as follows: first, dietary
intake of all relevant food groups was categorized into quartiles. Next, each subject was assigned
ascending values (1,2,3,4) for food groups that are assumed to increase BMD and descending values
(4,3,2,1) for those assumed to decrease BMD, based on their quartiles of intakes. Only if the distribution
of intake of a food group did not allow computation of quartiles (e.g., for groups with a high number of
non-consumers such as legumes and beans), values were dichotomized. Intake of alcoholic beverages
was not included in the BMD-Diet Score but considered a potential confounder in our analysis,
because the relationship with BMD might be non-linear [11,12].
2.4. Computation of HDI, Based on Dietary Guidelines of the WHO
The computation of the HDI for each participant was based on WHO dietary guidelines of 2003.
Briefly, the HDI consists of 12 dietary components, of which 5 are recommended to be consumed in
moderation: saturated fatty acids (SFA), mono-and disaccharides, cholesterol, trans fat and sodium,
three components which are recommened to consume within a specific range: polyunsaturated fatty
acids (PUFAs), protein, total fat, n-6 PUFAs and n-3 PUFAs, and two components for which an
adequate intake is recommended: dietary fiber and fruits and vegetables. Cut-offs and more detailed
information regarding the scoring system are presented in Table 1. The HDI is coded as a continuous
variable, proportionally ranging from 10 to 0 between the optimal intake and the lower or upper limit
respectively per component. Therefore, the theoretical range of HDI is 0 to 120.
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Table 1. Cut-offs used for computation of the Healthy Diet Indicator (HDI) (Jankovic, 2014 [7], adapted).
Components of the Healthy Diet Indicator
Lower Limit Optimal Intake * Upper Limit **
0 Points 10 Points 0 Points
Moderation (unfavorable) components
Saturated fatty acids N.A. <10 >15
Monosaccharides and disaccharides N.A. <10 >30
Cholesterol N.A. <300 >400
Trans fatty acids N.A. <1 >1.5
Sodium (grams, not sodium chloride) N.A. <2 >3.0
Moderation range components
Polyunsaturated fatty acids (PUFAs) 0 6 to 10 >10
Protein 0 10 to 15 >20
Total fat 0 15 to 30 > 43
Moderation range components
n-6 PUFA 0 5 to 8 >8.5
n-3 PUFA 0 1 to 2 N.A. **
Adequacy (favorable) components
Dietary fiber (g) 0 >25 N.A.
Fruits and vegetables (g) 0 >400 N.A.
*: Representing the World Health Orgnization (WHO) recommendation; ** For n-3 PUFA’s no upper level
could be calculated as the 85th percentile of intake falls within the range of optimal intake in our population;
Abbreviations: N.A. = not applicable, PUFA = polyunsaturated fatty acid; The Healthy Diet Indicator (HDI) is
coded as a continuous variable, proportionally ranging from 10 to 0 between the optimal intake and the lower
or upper limit respectively.
2.5. Assessment of BMD
BMD of the femoral neck was measured by dual energy X-ray absorptiometry (DXA) using a
Lunar DPX- densitometer (Lunar Radiation Corp., Madison, WI, USA) at baseline (1989–1993) and at
3 subsequent visits (1993–1995, 1997–1999 and 2002–2004). DXA scans were analyzed with DPX-IQ
software (v.4.7d) and BMD values are expressed in g/cm2. A flowchart showing the numbers of
subjects with available BMD data for each visit is shown in Figure S1.
2.6. Assessment of Covariates
We included covariates related to body composition, lifestyle, socioeconomic status (SES),
prevalent metabolic diseases, use of medication and other indicators of overall health, of which
the majority was assessed at baseline (1989–1993). Body height and weight were measured at the
research center at baseline and three follow up visits (1993–1995, 1997–1999 and 2002–2004). Regarding
lifestyle factors, smoking at baseline was calculated as “current” or “past or never”. Physical activity
was assessed at the 3rd visit (1997–1999), using the Zutphen Study Physical Activity Questionnaire
including questions on walking, cycling, gardening, diverse sports, hobbies, and housekeeping [13–15].
Total time spend on physical activity was calculated by the sum of minutes per week for each type of
activity. Dietary intake of alcoholic beverages and calcium were derived from the FFQ. Baseline use
of any dietary supplement was assessed during the home interview, without specific questions on
dose or duration and coded as “never” or “ever”. Highest education and net household income
were used as proxy for SES. Education was coded as “low” (primary education, primary + higher
not completed, lower vocational and lower secondary education) or “high” (intermediate vocational,
general secondary, higher vocational education and university). Household income was coded “above”
or “below” the average of 2400 net Dutch Guilders («1600 Euro) per month. Regarding prevalent
diseases at baseline, type 2 diabetes mellitus was determined as baseline serum glucose concentrations
>11 mmol/L or use of glucose lowering drugs and cardiovascular disease included prevalent coronary
heart disease, heart failure, stroke and arterial fibrillation at baseline. Methods of data collection and
definitions of cardiac outcomes in the Rotterdam Study have been described in detail elsewhere [16].
Regarding medication, the use of serum lipid reducing agents, antihypertensive drugs, or drugs
taken for calcium homeostasis and disorders of the musculoskeletal system was registered during the
home interview by trained research assistants [17]. Use of hormone replacement therapy (HRT) in
females was coded as “never” or “ever”. Lower limb disability and Vitamin D status were included
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as remaining measures of overall health. Lower limb disability index, a combined index reflecting a
subject’s ability to stand up, walk, climb and bend [18] was based on the Stanford Health Assessment
Questionnaire. Serum 25-hydroxyvitamin D (25(OH)D) was measured in a subgroup of participants
(n = 3171) at the 3rd visit of the cohort to the visiting center using radioimmunoassays (IDS Ltd,
Boldon, UK). The sensitivity of the test was 3 nmol/L which ranged from 4 to 400 nmol/L. Intra-assay
accuracy was <8% and the inter-assay accuracy was <12%.
2.7. Statistical Analysis
Characteristics of the study population were provided for subjects with a BMD Diet-Score below
or above the median separately. Median values (+ interquartile ranges) for continuous variables and
percentages of the total population for categorical variables were provided. The association between
the BMD-Diet Score and HDI with BMD was studied using linear mixed modelling with the diet scores,
expressed in standard deviations (SDs) or in quartiles, as exposure and longitudinal measurements of
BMD (expressed in g/cm2 and sex-specific z-scores) as the outcome. Analyses in quartiles, using the
lowest quartile as the reference category, were performed to explore potential non- linear relationships.
We coded the time- variable in the mixed model 0, 2, 6.5 and 11, to correct for differences in the
length of time- intervals between subjects. Basic models (model 1) were adjusted for age and sex only.
Potential confounding was tested by adding covariates to the models separately. Only covariates
that changed the effect estimates by >10% were kept in the final adjusted models [19]. Based on this
criterion, analyses were adjusted for age, sex and total kilocalorie intake, plus body weight and height
(model 2), education, household income, current smoking behavior, physical activity, prevalent type 2
diabetes at baseline, and use of lipid lowering drugs, alcohol consumption and dietary supplement use
(model 3). To assess whether BMD Diet-score had additional value upon the HDI, we further adjusted
the final model for the HDI diet score (model 4). The aim of this paper is to study associations between
diet scores reflecting full dietary patterns, not single nutrients, in relation to BMD. However, as the
nutrient calcium is one of the most important constituents of the bone, we investigated the effects of
additional adjustment for calcium intake in a separate model (model 5). To be able to study whether
the trajectories of BMD were different in subjects with low or high diet scores, we tested for interaction
with time by adding the product term of BMD-Diet Score or HDI with time to model 3.
We used a multiple imputation procedure to estimate missing values for covariates (details in
Tables S1 and S2). To facilitate proper comparison of the effect estimates of associations between the
BMD-Diet Score (ranging from 0 to 30) with BMD with that of the HDI (ranging from 0 to 120) with
BMD, the regression coefficients were shown per SD increase for both diet scores.
As the majority of studies that served as a basis for our BMD-Diet Score were performed in
women only, we tested for interaction with sex, by adding the product term of the our main exposures
(the two diet scores) and sex to our basic models. Additionally, we performed a sensitivity analysis
excluding participants with type 2 diabetes at baseline. All analyses were performed using SPSS 22
(IBM, Chicago, IL, USA) and R 3.1.2 (The R Foundation for Statistical Computing, Vienna, Austria)
statistical software.
3. Results
3.1. Food Groups Included in Our BMD-Diet Score
In summary, we identified 15 papers to be used for the development of our BMD-Diet Score.
The majority of these studies investigated a posteriori defined dietary patterns using principal
component analysis [20–31] or cluster analysis [32]. Details on these studies regarding their design,
sample size and food group extracted are shown in Table S3 and S4. Studies on a priori defined
diet scores and BMD showed positive effects for the Mediterranean Diet Score [33], the Dietary
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Diversity Score [23,34] and the Diet and Lifestyle Score, based on guidelines of the American Heart
Association [35] (Table S5).
After careful evaluation of the available evidence, eight food groups were included in the BMD
Diet-score: vegetables, fruits, dairy products, whole grain products, fish and legumes & beans as
“High-BMD” components and meat (including red, processed and organ meat) and confectionary
(including candies, cakes and cookies) as “Low-BMD” components (Figure 1). An overview of food
items included in each food group is shown in Table S6.
Figure 1. Results of the narrative review: Food groups that were associated with high or low bone
mineral density (BMD) in dietary pattern analyses; The X-axis displays the food groups, derived from
dietary patterns that were significantly associated with high or low BMD in the reviewed literature.
The Y-axis displays the number of dietary patterns in which corresponding food group occurred
(count of dietary patterns). As some studies report more than one dietary pattern to be associated with
BMD, the number of patterns that was counted is slightly different from the number of studies that
was counted. *1: Although not all studies distinguished between refined and whole grains, those that
did found particularly beneficial associations with bone for whole grains only.
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3.2. Characteristic of the Study Population
Characteristics of the study population are shown in Table 2. Subjects with a BMD-Diet Score
above the median were more likely to be female (62% vs. 56%) and to have a higher income
(54% vs. 49%) than those with a BMD-Diet Score below the median. Furthermore, they were less likely
to be smokers (27% vs. 19%) and had higher calcium intakes (median of 1248 mg/day vs. 960 mg/day).
Table 2. Characteristics of the study population in participants with a BMD-Diet Score below or above
the median.
BMD-Diet Score below or




n 2903 2241 5144
Age (year) 1 68 (61, 73) 65 (60, 71) 67 (61, 73)
Total energy intake (kcal/day) 1 1926 (1613, 2265) 1921 (1617, 2254) 1923 (1615, 2261)
Dietary calcium intake (mg/day) 1 960 (769, 1170) 1248 (1032, 1497) 1079 (863, 1324)
Physical activity (h/day) 5.6 (4.0, 7.5) 6.0 (4.4, 8.0) 5.8 (4.2, 7.7)
Of which vigorous (h/day) 1 0.4 (0.1, 0.9) 0.6 (0.2, 1.1) 0.5 (0.2, 1.0)
Height (cm) 1 167 (161, 174) 167 (160, 174) 162(157,166)
Weight (kg) 1 73 (65, 80) 74 (66, 81) 73 (66, 81)
Healthy Diet Indicator 1 74 (66, 82) 79 (70, 86) 76 (68, 84)
Plasma Vitamin D (nmol/L) 1,3 44 (29, 64) 45 (31, 65) 45 (30, 64)
Sex (% females) 56 62 57
Prevalent osteoporosis (%) 12 10 11
Prevalent type 2 diabetes (%) 9 10 10
Prevalent cardiovascular disease (%) 13 12 13
High education (%) 35 39 37
Monthly income > 1600 Euro (%) 49 54 51
Current smokers (%) 27 19 23
Current or past HRT use (%) 4 8 11 9
Lipid lowering drug use (%) 2 3 3
Antihypertensive drug use (%) 13 13 13
Lower limb disabled (%) 19 16 17
1: median (interquartile range); 2: the median of the BMD-Diet Score in our population is 19; 3: assessed at the
3rd visit; 4: expressed as percentages of the female population; Abbreviations: BMD = Bone mineral density;
HRT = hormone replacement therapy.
The BMD-Diet Score and the HDI were weakly but significantly correlated (Pearson’s ρ = 0.18).
The HDI, but not the BMD-Diet Score, was significantly correlated with lower total energy intake
(Pearson’s ρ = ´0.23). Median intake of each food group included in the BMD-Diet Score is shown in
Table S7.
103
Nutrients 2015, 7, 6974–6990
3.3. Longitudinal Associations between BMD-Diet Score, HDI and BMD
Associations between the BMD-Diet Score or the HDI and BMD, are shown in Table 3. Adjusted for
age, sex and total energy intake (model 1), a high BMD-Diet Score was significantly associated with
higher BMD (β (95% confidence interval (CI)) = 0.012 (0.008, 0.015) g/cm2 per SD increase in the
diet score). This association was slightly attenuated (β (95% CI) = 0.010 (0.007, 0.013) after adjustment
for body height and weight (model 2) and after including additional confounders (β (95% CI) = 0.009
(0.005, 0.012), model 3). Additional adjustment for adherence to the HDI did not change the results
(model 4). After further adjustment for dietary calcium intake effect sizes were diluted, but remained
significant (β (95% CI) = 0.004 (0.001, 0.009) g/cm2 per SD increase in the diet score). No significant
interaction with time was observed (p for interaction = 0.25), indicating that the trajectories of BMD
were comparable between subjects with high or low BMD-Diet Scores.
The HDI was significantly associated with higher BMD in the basic model. However, after adjustment
for age, sex, height and weight (model 2) the standardized effect size decreased (β (95% CI) = 0.005 (0.002,
0.008) and was of a lesser magnitude than that of the BMD-Diet Score. After adjustment for confounders
the association was diluted and became non-significant (β (95% CI) = 0.003 (´0.000, 0.007) in model 3).
Further adjustment for adherence to the BMD-Diet Score did not change this effect (model 4), while a
positive association was observed after additional adjustment for calcium intake (model 5). No significant
interaction with time was observed (p for interaction = 0.18).
Categorical analyses, using the lowest quartile as the reference group, did not indicate the presence
of a non- linear relationship between the BMD- Diet Score or the HDI with BMD (Table 3).
3.4. Additional Analysis
No interaction between the BMD-Diet Score or the HDI with sex was observed in relation to BMD
(p all interactions > 0.12). Additionally, stratification by gender did not show different associations
for males and females. Additional analyses with BMD in sex- specific z-scores as the outcome did not
change the results. In addition, sensitivity analyses in which participants were excluded if they had
type 2 diabetes at baseline did not change the results.
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4. Discussion
4.1. Summary of Main Findings
This is the first study in which a food group-based BMD-Diet Score based on existing evidence
from previous studies on full dietary patterns and BMD in several populations has been developed.
We found that this newly developed BMD-Diet Score was significantly associated with high BMD,
independent of adherence to the dietary recommendations of the WHO as assessed by the HDI.
Our findings suggest that there is room for improvement of current dietary guidelines seeking optimal
bone health.
4.2. Comparison to Existing Scores That were Shown to Favorably Affect Markers of Bone Turnover
Our BMD-Diet Score was developed based on studies investigating the effects of dietary patterns
on BMD. However, the associations between existing diet scores have also been studied in relation to
other bone-related outcomes, such as markers of bone turnover. For example, the “Dietary Approaches
to Stop Hypertension” (DASH)-Diet score was shown to favorably affect osteocalcin, a serum marker
of bone formation, which, if sustained, may improve bone mineral status [36] and reduce bone loss.
The DASH-Diet score and our BMD-Diet Score share common components, namely fruits,
vegetables, fish, and whole grains as favorable (high-BMD) food groups and (red) meat as unfavorable
(low-BMD) food groups. However, the DASH-Diet score does include dairy products as favorable
components, similar to our BMD-Diet Score, but uses a more specific definition by including only low
fat dairy products [36]. Additionally, the study by Karamati et al., (2012) [28] showed a dietary pattern
including low fat dairy to be associated with high BMD, and a pattern including high fat dairy to be
associated with low BMD. Based on these findings, it could be argued that the BMD-Diet Score might be
refined further by using low fat instead of all dairy products as a favorable component. The DASH-Diet
score includes total fat as unfavorable nutrient-component (Table S8). Our BMD-Diet Score was based
solely on food groups and therefore has no specific fatty acid-component. However, it includes
foods as pork, cake, and chocolate bars, products high in saturated fatty acids, in the unfavorable
“low BMD” components (Table S6), and fish, rich in polyunsaturated fatty acids, as favorable
component. Therefore, our BMD-Diet Score could be considered a score in which the existing
DASH-diet score was covered, but was fully translated into food groups.
4.3. Potential Nutrients Involved
The aim of this paper is to study the associations between complete dietary patterns, reflected
by different diet scores in relation to BMD. However, calcium is a vital element of bone and a
well-established dietary factor that influences BMD [3,37,38]. Our analysis showed the associations
between the BMD-Diet Score and BMD were diluted, but remained significant after additional
adjustment for dietary calcium. This indicates that calcium intake is important, but does not fully
explain the favorable association between the BMD-Diet Score and BMD. This finding is in line with
an earlier review by Ahmadieh et al., (2001) who highlighted the positive contributions of a variety
of nutrients to BMD, such as Vitamin B2, B6, Vitamin C and Vitamin K, in addition to calcium [2].
These nutrients can underlie our associations, since vitamin B2 and B6 might be reflected by the whole
grain component of our BMD-diet Score and Vitamin C and K1 by the fruits and vegetable components.
4.4. Strengths and Limitations
Our study has several strengths. Firstly, the development of our BMD-Diet Score was based on a
variety of study populations, including both Caucasian and Asian subjects. Despite the differences
in dietary habits between these populations, we were able to identify common food groups that
were consumed and were shown to be associated with BMD across populations. Secondly, by using
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full dietary pattern analyses as a basis for the BMD-Diet Score, we were able to take into account
strong correlations and potential interactions between foods and nutrients. Thirdly, we had the
opportunity to include repeated measurements of BMD, body weight, and height. Repeated BMD
measurements provided more insights into long-term associations between dietary intake and BMD
and the opportunity to study associations with BMD trajectories. Repeated measurements of body
weight and height enabled a precise adjustment for changes in anthropometric measures, which are
known to be important determinants of BMD. Lastly, our sample included both males and females,
increasing the external validity of our results since most studies on dietary patterns and BMD focused
on women only.
We do, however, also recognize some limitations. Our study population consisted of Dutch
participants from one specific neighborhood, in which the vast majority of inhabitants were of
Caucasian background, an aspect that is important to consider when extrapolating our findings
to other populations. The absolute intakes of some components of the BMD-Diet Score (such as
fish and legumes) were very low in our population, which might have affected the strength of our
associations. However, for the main food groups, including fruits, vegetables, fish and whole grain
products, we believe this concern is limited since items in these food groups are widely consumed
in our population. It could be argued that using results from Rotterdam Study for the development
of the BMD-Diet Score while subsequently testing the association between this score with BMD in
the same cohort might have led to bias. However, the composition of the BMD-Diet Score would be
similar with or without inclusion of our own previous results [24] (Tables S3 and S4) in its development.
Therefore, we believe that inclusion of our previous results did not lead to bias in this study.
4.5. Future Steps and Implications
This is the first study that developed a BMD Diet Score that has been associated with BMD in a
Dutch population of elderly subjects. Although the score is based on data from different populations,
it is essential to study its performance in other populations, including Asian and other non-Caucasian
populations. For example populations with (a) low dairy intake or (b) higher levels of Vitamin D
or (c) high intake of foods that were hardly consumed in our population such as fish or legumes
would be particularly interesting for replication. If future studies replicate positive associations
with BMD, this BMD-Diet Score could help to shape food group-based dietary guidelines aiming
to contribute to healthy ageing while considering a healthy BMD as important aspect of ageing.
However, since dietary guidelines aim to promote overall healthy ageing by preventing all chronic
diseases such as cardiometabolic diseases and cancer, our BMD-Diet Score should be studied in relation
to these health outcomes as well. Calcium might favor BMD while adversely affecting cardiovascular
disease risk [39], whereas an approach which evaluates the full diet, such as the BMD-Diet Score,
might indicate benefit for various aspects of healthy ageing simultaneously.
For the development of our BMD-Diet Score we only used studies with BMD, and not fracture
risk, as the primary outcome. However, as adherence to the Mediterranean Diet Score, for example,
has been shown to be favorably associated with fracture risk in a cohort of adults from eight European
countries [40], consumption of the food groups in our proposed BMD-Diet Score might favorably affect
fracture risk as well.
5. Conclusions
We developed a new BMD-Diet Score composed of components representing high intake of
vegetables, fruits, fish, whole grains, legumes and beans, and dairy products, and low intake
of and meat and confectionary. This BMD-Diet Score is positively associated with BMD in our
cohort of middle-aged and elderly subjects independent of adherence to the HDI based on dietary
guidelines from the WHO. The food groups included in our BMD-Diet Score could be considered in
the development of future dietary guidelines for healthy ageing.
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Abstract: Polycystic ovary syndrome (PCOS) is a common condition in reproductive-aged women.
While lifestyle management is first-line treatment in PCOS, the dietary intake of women with PCOS
is unclear and there is no research assessing dietary patterns of women with and without PCOS.
The aim of this study was to examine dietary patterns in a large cohort of women with and without
PCOS. Data were from 7569 participants in the 1973–1978 cohort of the Australian Longitudinal Study
on Women’s Health population assessed at 2009 (Survey 5) (n = 414 PCOS, n = 7155 non-PCOS).
Dietary patterns were evaluated using factor analysis and multiple logistic regressions assessed
their associations with PCOS status. Three dietary patterns were identified that explained 27% of
the variance in food intake between women with and without PCOS: Non-core foods; Meats and
take-away and Mediterranean-style. The Mediterranean-style dietary pattern was independently
associated with PCOS status. On adjusted analysis for each 1 SD increase in the Mediterranean-style
dietary pattern, there was a 26% greater likelihood that women had PCOS. This may indicate an
improvement in the quality of dietary intake following a diagnosis of PCOS. Future research should
examine the contribution of dietary patterns to the incidence and severity of PCOS and the potential
for modification of dietary patterns in the lifestyle management of PCOS.
Keywords: polycystic ovary syndrome; diet; dietary patterns; Australia
1. Introduction
Polycystic ovary syndrome (PCOS) is a common endocrine condition affecting 12%–18% of
reproductive-aged women [1]. It is associated with reproductive (hyperandrogenism, anovulation,
menstrual irregularly, infertility and pregnancy complications) [2], metabolic (increased risk
factors for and prevalence of impaired glucose tolerance, type 2 diabetes and cardiovascular
disease) [3–5] and psychological (worsened quality of life and increased risk factors for depression
and anxiety) [6] features. There is a proposed bidirectional relationship between obesity and PCOS [7].
Women with PCOS have an elevated prevalence of obesity [8] and increased longitudinal weight
gain [7]. Obesity also worsens the presentation and prevalence of PCOS [9]. Mechanisms include
increasing the pathophysiological factor insulin resistance, which increases hyperandrogenism through
augmenting ovarian androgen production and decreasing hepatic production of the androgen
binding-protein sex hormone binding globulin [10,11]. Due to the key aetiological role of obesity
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and insulin resistance in PCOS, weight management, defined as prevention of excess weight
gain or achieving and maintaining a modest weight loss, is a key treatment strategy in PCOS.
Evidence based guidelines recommend achieving this through a combination of diet, exercise or
behavioural management [12].
The optimal dietary strategy as part of lifestyle management in PCOS remains controversial.
We reported in a recent systematic review that the controlled clinical literature found no difference in the
majority of anthropometric, reproductive, metabolic or psychological outcomes for a range of dietary
approaches including higher protein, higher carbohydrate, lower glycaemic index or monounsaturated
fat-enriched diets [13]. Despite this, a range of dietary approaches may be prescribed by health
professionals [14]. While evidence-based National Health and Medical Council approved Australian
guidelines outline the principles of dietary management for PCOS [12], the effect of these guidelines
on actual dietary prescription by health professionals and subsequent dietary intake by women with
PCOS is not known. In the absence of specific recommendations by health professionals, women with
PCOS may also often seek non-evidence based sources of information on dietary management [15].
The effect of this on actual dietary intake is not known. We and others have reported subtle differences
in dietary intake for women with PCOS compared to those without PCOS including a better dietary
intake as indicated by elevated diet quality indices, fibre and micronutrient intake, lower glycaemic
index and lower total fat or saturated fat intake or a poorer dietary intake indicated by poorer diet
quality, increased fat, saturated fat and high glycaemic index food intake and decreased fibre intake
compared to women without PCOS [16–21]. There however remains uncertainty as to the quality of
dietary intake in women with PCOS.
Assessment of dietary patterns offers an additional way of comprehensively assessing dietary
intake. Rather than assessing single nutrients in isolation, dietary pattern analysis identifies underlying
dietary characteristics of the study population in which the consumption of foods that are eaten
together can be derived. In particular, exploratory approaches or posteriori dietary pattern analyses
such as principal components analysis, which are not hypothesis driven, groups correlated food groups
into uncorrelated factors termed dietary patterns [22,23]. In pregnant populations, unhealthy dietary
patterns in the pre-conception period were associated with increased risk for preterm birth [24] or
gestational diabetes [25] and healthy, Mediterranean or prudent diet patterns were inversely associated
with risk of developing hypertensive disorders during pregnancy [26] or gestational diabetes [27,28].
In non-pregnant populations, unhealthy/Western-type dietary patterns have been associated with
increased risk of general and central obesity [29] and type 2 diabetes [30]; while a Mediterranean dietary
pattern was associated with decreased prevalence of hypertension and metabolic syndrome [31] and a
healthy dietary pattern containing vegetables, fruits and whole grains was associated with reduced
risk for diabetes [30].
These findings are of potential relevance to PCOS given the increased prevalence of
cardiometabolic conditions and pregnancy complications and the potential for clinical benefits with
approaches such as the Mediterranean diet [32]. However, there has been limited research examining
dietary patterns in women with and without PCOS. This could provide an understanding on both the
association of dietary intake with the pathophysiology of PCOS as well as of the dietary changes that
occur following a diagnosis of PCOS. The aim of this study was therefore to examine dietary patterns
in a large cohort of women, with and without PCOS, participating in the Australian Longitudinal
Study on Women’s Health.
2. Experimental Section
2.1. Study Population
This study is based on data from the Australian Longitudinal Study on Women’s Health
(ALSWH), a longitudinal population-based study of three age cohorts of Australia women.
Women were randomly selected from the national health insurance scheme (Medicare) database,
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which includes almost all people who are permanent residents of Australia, with national recruitment
and intentional over-sampling from rural and remote areas [33]. Further details of the methods and
characteristics of the sample have been reported elsewhere [34–36]. The Human Research Ethics
Committees of the University of Newcastle and the University of Queensland approved the study
methods and informed written consent was obtained from each participant.
The current study uses data from the cohort of younger women (born 1973–1978) (n = 14,779 at
Survey 1) who first completed a mailed survey in 1996 [37]. For this analysis, data are from Survey 5
(2009, n = 8200, 58% retention of baseline participants and 84% retention of those who completed the
second survey). The greatest drop out was from Survey 1 to Survey 2. However, the impact of attrition
on associations between variables has been found to be minimal [36].
As with our prior publications on health outcomes in PCOS, we analysed data from
n = 7569 women who completed Survey 5 and responded to the question on PCOS diagnosis
(“In the last 3 years have you been diagnosed with or treated for Polycystic Ovary Syndrome”)
of which n = 414 were classified as PCOS and n = 7155 as non-PCOS [7]. The analyses in this study are
based on cross-sectional analysis of dietary patterns in women with and without PCOS. No specific
inclusion or exclusion criteria were applied to this cohort and all women were included irrespective of
pregnancy, medication, country of birth and language spoken.
2.2. Anthropometric, Demographic and Physical Activity Variables
Self-reported height, weight and BMI were reported with overweight and obesity defined by the
World Health Organization criteria (BMI ě 25 kg/m2 for overweight and obesity, BMI ě 30 kg/m2
for obesity) [38]. Demographic variables including parity, education, occupation and income
were collected at Survey 5 and area of residence was measured at Survey 1. Physical activity
was calculated as the sum of the products of total weekly minutes in categories of walking,
moderate-intensity or vigorous-intensity physical activity and the metabolic equivalent value (MET)
was assigned to each category: (walking minutes ˆ 3.0 METs) + (moderate-intensity physical activity
minutes ˆ 4.0 METs) + (vigorous intensity physical activity minutes ˆ 7.5 METs). Outliers were
truncated at 28 h/day for total physical activity.
2.3. Food Group Consumption
At Survey 5, self-reported dietary intake data were collected from the Dietary Questionnaire
for Epidemiological Studies (DQES) Version 2, a FFQ developed by The Cancer Council of Victoria
previously validated in young Australian women [39] as previously reported [19]. One hundred
different foods (grams per day) were obtained from the FFQ and were assigned into 33 food groups
(grams per day) based on a previous Australian study [24,40] for use in the dietary pattern analysis.
2.4. Dietary Pattern Analysis
Dietary patterns were derived using factor analysis with factor loadings extracted using the
principal component method and varimax/orthogonal rotation. The number of dietary patterns
identified was based on eigenvalues >1.5, on identification of a break point in the scree plot, and on
interpretability [41]. Using these criteria, a 3-factor solution was chosen and rerun with the resulting
factor scores saved and converted to Z-scores for analysis. Items with factor loadings ě0.25 were
considered as the items of relevance for the identified factor. These items represent the foods most
highly related to the identified factor [42]. Foods that cross-loaded on several factors were retained.
2.5. Statistical Analyses
All statistical procedures were performed using SPSS version 22. Frequencies and descriptive
statistics were expressed as n (%) and as means (SD), respectively. All reported P values were
2-tailed, and a p-value < 0.05 was considered to be statistically significant. Before hypothesis testing,
data were examined for normality, in which all independent variables were normally distributed.
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Data were analysed by independent t–test to compare continuous variables and chi-square test to
compare categorical variables between women with and without PCOS. Binary logistic regression
analyses were used to test the association between PCOS (yes/no) and the independent variables
for each dietary pattern (Z-score), with values presented as OR (95% CI). All logistic regression
analyses were undertaken adjusting for potential confounders identified a priori, including maternal
age, BMI, currently breastfeeding, number of children and waist circumference, or statistically,
from association with PCOS on univariate analysis (p < 0.05). Multicollinearity was tested with
binary regression analysis using the variance inflation factor (<5); no multicollinearity was observed
between any of the independent variables. All model assumptions were validated with residual plots.
Analyses were conducted using survey commands for analysing data weighted by area of residence to
adjust for the deliberate over sampling in rural and remote areas.
3. Results
3.1. Participant Characteristics
Participant characteristics are reported in Table 1. The women with PCOS were around two
months younger, were more likely to not have children and had a lower prevalence of currently
breastfeeding compared to women without PCOS. As reported previously, women with PCOS also
reported a higher BMI, weight and waist circumference than women without PCOS [7]. As previously
reported [19], women with PCOS had an elevated energy and fibre intake and lower glycaemic index
and percent energy intake from saturated fat compared to women without PCOS (data not reported).
As previously reported [19], women with and without PCOS had similar physical activity levels
(814 ˘ 874 vs. 820 ˘ 895 MET/min, p = 0.75).
Table 1. Characteristics for women with and without polycystic ovary syndrome.
All n = 8200 PCOS n = 414 Non-PCOS n = 7155 p
Age (years) * 33.7 (1.5) 33.5 ˘ 0.1 33.7 ˘ 0.02 0.015
BMI (kg/m2) * 25.8 (5.9) 29.0 ˘ 0.4 25.4 ˘ 0.1 <0.001
Weight (kg) * 71.3 (16.7) 79.6 ˘ 1.2 70.3 ˘ 0.2 <0.001
Waist circumference (cm) * 86.0 (14.3) 91.9 ˘ 1.0 85.7 ˘ 0.2 <0.001
Smoking status : 0.729
Never smoker 4972 (60.4) 256 (59.1) 4341 (60.3)
Ex-smoker 2112 (25.6) 121 (27.9) 1829 (25.6)
Smoke <10 cigarettes/day 574 (6.9) 26 (6.0) 517 (7.1)
Smoke 10–19 cigarettes/day 372 (4.5) 20 (4.6) 319 (4.4)
Smoke ě20 cigarettes/day 205 (2.5) 10 (2.3) 183 (2.5)
Personal income : 0.765
No income 724 (9.5) 41 (9.8) 634 (9.1)
Low (>$0–$36,399) 2923 (38.5) 156 (37.5) 2562 (36.3)
Medium ($36,400–$77,999) 2737 (36.1) 137 (32.7) 2398 (34.0)
High (>$78,000) 1207 (15.9) 71 (17.0) 1047 (14.9)
Highest qualification : 0.762
No formal qual/year 10/12
1492 (18.4) 76 (18.1) 1301 (17.3)Equiv
Trade/diploma 2040 (21.2) 100 (23.8) 1793 (23.9)
Degree or higher 4565 (56.4) 245 (58.2) 3986 (53.1)
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Table 1. Cont.
All n = 8200 PCOS n = 414 Non-PCOS n = 7155 p
Marital status : 0.630
Married 5115 (62.2) 260 (59.9) 4455 (62.0)
De facto 1233 (15.0) 64 (14.7) 1067 (14.9)
Separated/divorced 422 (5.1) 21 (4.8) 373 (5.2)
Widowed 14 (0.2) 0 (0) 14 (0.2)
Never married 1445 (17.6) 89 (20.5) 1274 (17.7)
Number of children : 0.002
0 3134 (38.1) 205 (47.2) 2748 (36.1)
1 1630 (19.8) 86 (19.8) 1409 (18.5)
2–3 3228 (39.2) 132 (30.4) 2818 (37.0)
ě4 243 (3.0) 11 (2.5) 213 (2.8)
Currently breastfeeding : 0.003
No 4817 (58.4) 223 (51.3) 4193 (55.0)
Yes 277 (3.4) 7 (1.6) 240 (3.2)
No child 3149 (38.2) 205 (47.1) 2761 (36.2)
* Values represent mean (SD); : Values represent n (%); Data were analysed by independent t-test to compare
continuous variables and chi-square test to compare categorical variables between women with and without
PCOS; BMI: Body mass index.
3.2. Dietary Patterns
The dietary pattern analysis revealed three distinct patterns explaining a total 27% variance
(Table 2). The first pattern was labelled Non-core foods as there were high factor loadings for
cakes, biscuits, sweet pastries; confectionary; refined grains and also take-away foods and crisps.
The second pattern was labelled High meat and take-away as fish (fried, processed, canned and
cooked), processed meat, red meat, but also take-away food highly correlated in this pattern.
The final pattern was labelled Mediterranean-style as Mediterranean type foods highly correlated to
this pattern including a variety of vegetables, fruit and nuts, small correlations with fish, while crisps
were inversely correlated. Participant characteristics across the quartiles of dietary pattern score are
presented in Supplemental Table 1.
Table 2. Factor loadings for each of the identified pre-conception dietary patterns for women with and
without PCOS.




Cakes, biscuits, sweet pastries 0.661 0.010 0.020
Confectionary 0.629 0.089 0.020
Refined grains 0.483 0.239 0.146
Vegemite 0.483 0.106 0.068
Takeaway 0.467 0.402 ´0.138
Crisps 0.466 0.199 ´0.262
Juice 0.408 0.007 0.071
Tomato sauce 0.380 0.018 0.029
Processed meat 0.359 0.567 ´0.190
Red meat 0.330 0.595 ´0.088
Added sugar 0.325 ´0.023 ´0.120
Wholegrains 0.319 ´0.113 0.408
Saturated spreads 0.291 ´0.117 0.111
Poultry 0.280 0.520 ´0.098
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Table 2. Cont.




Potato 0.279 0.009 ´0.199
Nuts and nut spread 0.260 0.137 0.493
Fried fish 0.212 0.649 ´0.064
Fresh fruit 0.150 ´0.020 0.539
Tomatoes 0.081 ´0.137 0.355
Legumes 0.066 0.018 0.207
Other vegetables ´0.008 0.114 0.618
Leafy green vegetables ´0.038 0.082 0.503
Eggs ´0.039 0.202 0.271
Processed fish ´0.040 0.510 0.376
Other fish ´0.042 0.620 0.260
Garlic ´0.055 0.033 0.435
Soya ´0.082 ´0.040 0.393
Alcohol ´0.185 0.287 0.060
Percentage variance explained 13% 8% 6%
Dietary patterns obtained using factor analysis with factor loadings extracted using the principal
component method and varimax/orthogonal rotation. Food groups with factor loadings <0.25 for all
factors are not included in the table (cruciferous vegetables; yellow or red vegetables; low fat dairy;
full fat dairy; and canned fruit).
3.3. Dietary Patterns and PCOS
Table 3 reports the results from logistic regression. In the crude analysis, for each 1 SD increase in
the High meat, fish, poultry and take-away pattern, there was a 9% greater likelihood for women to have
PCOS, however this association did not remain in the adjusted analysis. In the crude analysis, for each
1 SD increase in the Mediterranean-style dietary pattern, there was a 15% greater likelihood for women
to have PCOS. This association was strengthened after adjusting for maternal age, maternal BMI,
current breastfeeding, number of children, such that for each 1 SD increase in the Mediterranean-style
dietary pattern, there was a 26% greater likelihood that the women reported had PCOS. There were no
associations between the Unhealthy, non-core foods pattern and PCOS.
Table 3. Odds ratios for likelihood of PCOS according to the dietary patterns identified.
OR * 95% CI p Adjusted OR * : 95% CI p
PCOS
Unhealthy, non-core foods 1.06 0.97, 1.16 0.22 1.03 0.94, 1.13 0.55
High meat, fish, poultry and take-away 1.09 1.00, 1.17 0.03 1.04 0.95, 1.13 0.43
Mediterranean-style 1.15 1.05, 1.26 0.02 1.26 1.15, 1.39 <0.001
Maternal age - 0.92 0.85, 0.98 0.014
Maternal BMI - 1.09 1.07, 1.10 <0.001
Current breastfeeding - 1.00 0.96, 1.05 0.97
Number of children - 0.88 0.75, 1.04 0.13
Associations between PCOS and dietary patterns (Z-scores) in crude and adjusted analyses carried out using
binary logistic regression analyses; Referent category is not having PCOS; * Indicates change in risk per 1 SD
increase in factor score; : Adjusted for maternal age, maternal BMI, current breastfeeding, number of children.
4. Discussion
We report here for the first time that women with PCOS have different dietary patterns compared
to women without PCOS, in a large population-based cohort of women. Women with PCOS were
more likely to consume a dietary pattern consistent with the Mediterranean diet; however there were
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no differences in the other commonly consumed dietary patterns of unhealthy non-core foods or a
pattern higher in meat.
The Mediterranean-style dietary pattern contains a number of foods similar to a Mediterranean
diet which consists of fish, monounsaturated fats from olive oil, fruits, vegetables, wholegrains,
legumes and nuts and moderate alcohol consumption [43]. It is also consistent with previously defined
“Mediterranean” patterns in prior research comprising vegetables, fish, fruits, poultry, low-fat dairy
products, and olive oil [44,45]. Surprisingly however, we found an inverse factor loading for poultry
which is typically consumed in higher intakes in the Australian population compared to fish [46],
which loaded on this pattern in moderate amounts for both processed (i.e., tinned fish) and other fish
(i.e., cooked fish), while fried fish was inversely associated. It is to be noted that intake of olive oil
is not collected in the food frequency questionnaire used in this study. Another surprising finding
was that both low fat and high fat dairy foods did not correlate to any pattern. This might reflect the
overall low consumption of dairy in men and women in the adult Australian population; yet this is
consistent with a previous study in pregnant women where low fat dairy did not load on any of the
three dietary patterns, and high fat dairy only moderately correlated with the vegetarian-type dietary
pattern [24]. Nevertheless, non-core foods inversely loaded on this pattern such as take-away foods
and crisps, as well as added sugar, which supports an overall healthier dietary pattern consisting of a
number of Mediterranean foods. As we are the first to report that a Mediterranean-style dietary pattern
was independently associated with increased likelihood of having PCOS, this discrepant finding may
indicate the possible high level of women with PCOS seeking dietary knowledge with a subsequent
adoption of healthy dietary patterns.
To date, there are few other studies reporting on the relationship between dietary patterns and
other conditions co-existing with PCOS. In literature assessing infertile women, a large proportion of
whom will likely have PCOS, a Mediterranean diet is associated with a higher chance of natural or
assisted reproduction conception [44,47]. The adoption of a Mediterranean-style diet in PCOS may
therefore have positive implications for the appropriate lifestyle management of chronic diseases
associated with PCOS. Further studies are needed to expand on our findings on the association of
dietary changes in those with a diagnosis of PCOS, the optimal means of conveying dietary education
at diagnosis and the long-term maintenance of positive dietary changes.
We observed here that the two other identified dietary patterns, namely those consisting
predominantly of non-core foods or a higher meat intake from either take-away/processed or
non-processed sources explained a moderate proportion of variability in food intake in all participants
(13% and 8% respectively). However, neither pattern was associated with PCOS status in the adjusted
analysis. In association with higher weight and BMI in PCOS, this is a positive finding that is also
consistent with the diagnosis of PCOS contributing to an improvement of dietary habits in keeping with
population-based dietary guidelines of minimising discretionary or non-core food intake, reducing
processed meats and consuming a moderate intake of protein [48].
While a Mediterranean diet is not a specifically recommended dietary intake for PCOS, emerging
research suggests beneficial effects of certain components of this diet, such as elevated omega-3 fatty
acids which are generally found in high amounts of oily fish. Although the specific types of fish
consumed in our Mediterranean style dietary pattern cannot be extracted, both processed fish and
cooked fish varieties contain some omega-3 fatty acids, likely contributing to a reasonable intake of
omega-3 fatty acids in this population. The literature in PCOS focuses predominantly on omega-3
fatty acid supplementation studies which report improvements in outcomes including reductions
in bioavailable androgens, triglycerides, blood pressure, glucose and surrogate markers of insulin
resistance [49–52]. One recent study found that a Mediterranean diet pre-pregnancy was associated
with a 42% reduced likelihood of developing hypertensive related disorders during pregnancy [26];
while higher consumption of sweets and seafood [25] or high intake of red meat, processed meat,
refined grain products and sweets [27] during pregnancy was associated with a 23% and 63% increased
risk of gestational diabetes. A Mediterranean dietary pattern has also been reported to be associated
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with improved health outcomes including decreased inflammation [53] and prevalence of the metabolic
syndrome [54], abnormal glucose tolerance [55] or depression [45]. As adverse health outcomes are
commonly associated with PCOS [3,4,6], this dietary pattern may therefore result in health benefits.
However, we have previously reported in this cohort that this improved diet quality occurred
in conjunction with a modest increase in energy intake (+215 kJ/day) which could contribute to
additional longitudinal weight gain [19]. The potential benefits of an improved dietary pattern may
not outweigh the effects of increased energy intake and consequent weight gain with regards to effects
on reproductive, and potentially metabolic and psychological, parameters.
Strengths to our study include the large population of women with and without PCOS from
a community-based population in contrast to the majority of the existing research assessing diet
and PCOS. This minimises selection bias. This is also more likely to capture a lower proportion of
women with PCOS with a more severe clinical phenotype and a higher BMI who typically present
to clinical services and are captured in research studies [56]. While the use of self-report PCOS is a
limitation, the nature of this research means that it is not feasible to clinically verify PCOS or control
status. It is also not possible to determine the PCOS phenotype or which diagnostic criteria were
used in diagnosis. However, given that the Rotterdam criteria were first published in 2004 [57], it is
also most likely that the majority of women self-reporting diagnosed PCOS in Survey 4, conducted
in 2006, would have been diagnosed based on NIH criteria. There are also some other limitations
to our study. We report here 58% participant retention compared to baseline levels 13 years prior
which may indicate bias and limit generalisability. However, no differences between completors
and non-completors has previously been reported indicating a likely minimal effect of attrition on
outcomes [36]. Although the FFQ is a validated measure of assessing nutritional intake, we are
not able to assess the contribution of dietary patterns to the development or severity of PCOS due
to the study design and report here only associations between dietary patterns and PCOS status.
Further, the total variance explained by each factor was intermediate compared with previous factor
analyses conducted in different age groups [29,58,59]; however, the Kaiser-Meyer-Olkin measure of
sampling adequacy was 0.78, exceeding the recommended value of 0.6; and Bartlett's test of Sphericity
achieved statistical significance indicating the correlations in the data set are appropriate for factor
analysis. Moreover, the food groups loading on the factors were varied and many were greater than
the 0.25 cut-off value suggesting that our population had a varied diet that was, nevertheless, still
specific to the identified factors. As the present study is the first of its kind in this population, further
studies are required to refute or support our findings and future work is warranted assessing the
contribution of dietary pattern intake to the severity or incidence of PCOS.
5. Conclusions
In conclusion, we report for the first time the independent association of PCOS status with
self-reported dietary patterns, specifically a Mediterranean diet pattern. This may indicate an
improvement in the quality of dietary intake following a diagnosis of PCOS. We also report no
increase in dietary patterns high in non-core, meat or take-away foods despite a higher body weight.
Combined with our prior research showing healthier intake but higher caloric consumption, it appears
that women with PCOS may have a greater appetite and are more overweight, despite a healthier
diet. Future research should examine the contribution of dietary patterns to the incidence and severity
of PCOS and the potential for modification of dietary patterns in the lifestyle management of PCOS.
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Abstract: Background: Type-2 diabetes (T2D) prevalence is rapidly increasing worldwide.
Lifestyle factors, in particular obesity, diet, and physical activity play a significant role in the
etiology of the disease. Of dietary patterns, particularly the Mediterranean diet has been studied,
and generally a protective association has been identified. However, other regional diets are less
explored. Objective: The aim of the present study was to investigate the association between
adherence to a healthy Nordic food index and the risk of T2D. The index consists of six food
items: fish, cabbage, rye bread, oatmeal, apples and pears, and root vegetables. Methods: Data was
obtained from a prospective cohort study of 57,053 Danish men and women aged 50–64 years, at
baseline, of whom 7366 developed T2D (median follow-up: 15.3 years). The Cox proportional hazards
model was used to assess the association between the healthy Nordic food index and risk of T2D,
adjusted for potential confounders. Results: Greater adherence to the healthy Nordic food index was
significantly associated with lower risk of T2D after adjusting for potential confounders. An index
score of 5´6 points (high adherence) was associated with a statistically significantly 25% lower T2D
risk in women (HR: 0.75, 95%CI: 0.61–0.92) and 38% in men (HR: 0.62; 95%CI: 0.53–0.71) compared to
those with an index score of 0 points (poor adherence). Conclusion: Adherence to a healthy Nordic
food index was found to be inversely associated with risk of T2D, suggesting that regional diets other
than the Mediterranean may also be recommended for prevention of T2D.
Keywords: Type-2 diabetes (T2D); Nordic diet; dietary pattern; prospective cohort.
1. Introduction
Type-2 diabetes (T2D) is a chronic metabolic disease with an increasing global incidence and
prevalence. Around 4 percent of the population worldwide were estimated to have diabetes in 2000,
but the number is projected to increase to 4.4% or 366 million people by 2030 [1]. The majority of
the cases are onset at age 40–59 and are expected be type 2 diabetes [1,2]. It is well established that
lifestyle plays a significant role in the etiology of T2D [3,4]. Among lifestyle factors, overweight and
obesity particularly increase the risk of T2D. Diet also plays a role in relation to T2D risk [3]. Several
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studies have investigated the effect of different dietary exposures in relation to development of T2D,
and intakes of whole grains, dietary fibre, root vegetables, and green leafy vegetables have been
suggested to be inversely associated with risk of T2D [5–7].
In nutrition research, focus has previously mainly been on single foods or nutrients.
However, people consume meals consisting of combinations of numerous nutrients and foods. Hence,
it is relevant to examine a combination of a variety of foods in relation to T2D. Different dietary
indices, such as the Mediterranean diet, have been investigated in relation T2D, in Mediterranean,
American as well as other European populations [8–12]. Compliance with this dietary pattern is low in
non-Mediterranean countries, maybe because non-Mediterranean populations may find it difficult to
comply with a diet which is foreign to them [6,13]. It might therefore be relevant to investigate health
effects of other regional diets such as the Nordic diet within a Nordic population. It is possible that
other regional diets also carry health benefits, and it might be easier for a population to comply with
a diet that is familiar to them instead of adapting to a “foreign diet” [14]. Intervention studies have
suggested that a healthy Nordic diet improves markers of T2D risk, such as body weight and insulin
sensitivity [15–17]. A small prospective study found no association between adherence to a health
Nordic diet and risk of T2D [18], but due to the small study size (total cohort n < 7000, cases = 541)
results from larger prospective studies are needed. This aim of the study was to investigate the
association between a healthy regional Nordic diet and risk of T2D in a large prospective cohort study.
2. Method and Material
2.1. Study Population
From December 1993 to May 1997, a total of 160,725 subjects (80,996 men and 79,729 women)
were invited to participate in the Danish cohort study: the Diet, Cancer, and Health (DCH) cohort [19].
The criteria for invitation were: aged 50–64 years, born in Denmark, no diagnosis of cancer (registered in
the Danish Cancer Registry), and living in greater Copenhagen and Aarhus areas at baseline.
Unique personal identification numbers assigned to all Danish citizens from the Civil Registration
System (CPR) were used to identify potential participants [20]. The DCH cohort had a 35% overall
participation, comprising a total of 57,053 eligible subjects [19]. The cohort was approved by the
regional ethical committees on human studies in Copenhagen and Aarhus and by the Danish Protection
Agency. Moreover, written informed consent was obtained from all participants.
Of the 57,053 participants, 1766 were excluded, due to diagnosis of cancer and/or T2D
before baseline. Furthermore, participants with missing information on the exposure variables of
interest in this study (n = 55) or potential confounders (n = 149) were excluded. Finally, subjects
diagnosed with diabetes before 1st January 1995 were excluded (n = 15) as well as persons that were
included and deceased before this date (n = 8), because the National Diabetes Registry is only well
defined for subjects entering after this date (see “case ascertainment and selection”) [21]. Thus, leaving
55,060 eligible subjects (28,953 women and 26,107 men) for the present study.
2.2. Case Ascertainment and Selection
There were 7366 incident cases of diabetes (3269 women and 4097 men) identified from the
National Diabetes Registry (NDR) [21]. The NDR was established in 2006 by the National Board of
Health by linking nationwide registries. Because of different dates of initiation of the underlying
registers and accumulation of prevalent cases, dates of inclusion into the NDR has been found to
be well defined only for persons entering after 1st January 1995, even though inclusion of cases
started at 1st January 1990) [21,22]. Subjects are registered in NDR if they are classified as having
diabetes with a date of inclusion equal to the earliest of the dates where one of the following criteria
were met: Diagnosis of diabetes in the National Patient Registry; Chiropody for diabetic patients;
Five blood glucose measurements within one year; Two blood glucose measurements per year in five
consecutive years; Second purchase of oral glucose-lowering drugs within six months; Second purchase
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of prescribed insulin. As the register is based on administrative records, the date of inclusion can only
be taken as a proxy for the date of diagnosis. 56.6% of the cases included in the present study met
more than one of the criteria.
NDR does not distinguish between cases of type-1 diabetes (T1D) and T2D. Since the present study
is investigating a middle-aged population, and thus it is assumed that the entire incident cases of diabetes
registered in NDR can be attributed T2D. Moreover lifestyle behaviour and diet habits are associated with
T2D risk and not believed to influence T1D risk, the present study therefore exclusively focuses on T2D.
All 55,060 cohort participants were followed from baseline until censoring, which was the date
of diagnosis of diabetes, date of death, date of emigration, or end of follow-up (31st December 2011),
whichever came first. Date of death and date of emigration was identified from the CPR. Baseline was
defined as the data of visiting the center, however, with the exception of participants who visited the
center before 1st January 1995. For those, baseline was set to 1st January 1995.
2.3. Dietary Assessment
Prior to attendance in the study, the participants completed a 192-item FFQ, which has been
validated previously [23,24]. In the questionnaire, the participants were asked to report their average
intake within the last 12 months in twelve categories ranging from never to more than eight times a
day. The intake of specific foods and nutrients was calculated for each participant by the software
program FoodCalc [25], using specifically developed standardized recipes and portions sizes. The FFQs
were processed by optical scanning and checked for missing values and reading errors. The errors
were clarified and corrected by trained professionals before the participants left the study center [19].
Food items of the healthy Nordic diet index included in the study as exposure variables were:
fish, cabbage, rye bread, oatmeal, apples and pears, and root vegetables. The index has previously been
defined and the foods included in the index were chosen a priori based on the following criteria: (1) that
they had to have an anticipated health benefit; (2) information on intake should be obtainable from
the FFQ; (3) they had to originate from the Nordic nature, and (4) they should still hold a quantitative
role the Nordic diet [26]. Information on intake of fish, cabbage, apples and pears, and root vegetables
was derived from multiple questions in the FFQ, whereas information on oatmeal and rye bread
originated from one question each. Fish intake was based on 23 questions regarding a variety of fish
consumed as hot meals or in sandwiches, while cabbages intake was derived from six questions of
different cabbage types (cauliflower, Brussels sprouts, broccoli, kale, white cabbage, and red cabbage).
Information about apple and pear intake was collected from two questions: one on apple and one on
pear intake. Intake of root vegetables was collected from several questions concerning intake of raw
and cooked root vegetables separately, as well as part of recipes. In the DCH cohort, carrot was the
main root vegetable consumed.
The healthy Nordic index is developed in accordance with the original Mediterranean Diet score
constructed by Trichopoulou and colleagues [27,28]. Thus, for each of the six Nordic food items,
one point was given for intake equal to or greater than the sex-specific median. As information on
both oatmeal and rye bread intake was obtained from only one question each, it was not possible to
use medians as cut-off values. Thus, the cut-off values for oatmeal and rye bread were defined using
sex-specific spline curves with boundaries at predefined questionnaire categories. One point was given
for an intake of the following: Men: fish ě 42 g/day, cabbage ě 14 g/day, oatmeal ě 21 g/day,
rye bread ě 113 g/day, apples and pears ě 56 g/day, and root vegetables ě 16 g/day.
Women: fish ě 35 g/day, cabbage ě 16 g/day, oatmeal ě 21 g/day, rye bread ě 63 g/day, apples and
pears ě 71 g/day, and root vegetables ě 28 g/day. A score of either 0 or 1 was given for each item,
allowing each participant to score between 0 (lowest adherence) and 6 (highest adherence).
2.4. Statistical Analysis
The association between the healthy Nordic food index and T2D was estimated using Cox
proportional hazards models using age as the underlying time scale, and expressed as hazard ratios
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(HR) with corresponding 95% confidence intervals (CI). Time under study was included as a linear
spline with boundaries at one, two, and three years after entry into the study. All P-values were
two-sided, and the statistical significance level was set to 0.05.
Interaction between the healthy Nordic food index and sex was investigated, and significant
interaction was identified (p = 0.0186). Consequently, all analyses were stratified by sex.
The healthy Nordic food index was assessed as a linear variable (1-point unit) and as a categorical
variable (0–6 points). The reference category comprised individuals with the poorest adherence to
the index (0 points). The highest adherence categories, 5 and 6 points were combined to one category
(5–6 points), due to few cases in the category rating “6 points”.
All estimates are presented as both crude (model 1) and adjusted (models 2, 3, and 4).
In model 2, adjustments were made for the following potential confounding lifestyle factors:
alcohol (abstainers and drinkers with different boundaries set for men and women), smoking status
(never, former, current), schooling level (low: ď7 years, medium 8–10 years, and high: ě10 years),
participation in sports (yes/no), intake of meat (g/day of red and processed meat). In model 3,
adjustment was additionally done for total energy intake (kJ/day) using the standard multivariate
method [29]. Model 4 was additionally adjusted for two potential mediators: waist circumference (WC)
and body mass index (BMI). In order to preserve statistical power, we adjusted for physical activity
using the indicator variable “Participate in sports (yes/no)”. We also had several other measures of
physical activity, but adding them to the model did not change the results considerably.
Linearity of continuous variables were evaluated graphically by linear splines with three or nine
knots placed at quartiles or deciles among cases. The healthy Nordic food index, BMI, WC, and intake
of red and processed meat were found to be linearly associated with T2D, whereas alcohol intake was
related to T2D risk with an apparently U-shaped pattern. To ensure proper adjustment accounting
for this non-linear association, alcohol intake among drinkers was included as linear splines with
boundaries: alcohol intake 12 g/day for women and 24 g/day for men, respectively.
For the analyses evaluating the individual association between T2D and each of the six food items
included in the index, the same confounder adjustments were made, but further adjustments for the
remaining five food items (mutually adjustment) were performed.
A sensitivity analysis was conducted including only “confirmed cases”. It is possible that the
register may have included some non-diabetics as cases. Two of the inclusion criteria in NDR: five blood
glucose measurements within one year and two blood glucose measurements per year for five consecutive years,
might have questionable validity [30], and thus a sensitivity analysis was conducted excluding these
(n = 3113).
Possible multiplicative interactions between the healthy Nordic food index and BMI
were investigated.
SAS statistical software (release 9.3, SAS Institute, Inc., Cary, NC, USA) was used for all
statistical analyses. The PHREG procedure was used for the Cox proportional hazards models and the
UNIVARIATE and FREQ procedures for the descriptive statistics.
3. Results
During a median of 15 years of follow-up, 3269 women and 4097 men of the 55,060 cohort
participants were diagnosed with T2D. Table 1 shows the baseline characteristics stratified by sex for all
and according to the healthy Nordic food index score: lowest adherence (0–1 points), middle adherence
(2–3 points), and highest adherence (4–6 points), respectively. A larger proportion of cases was present
in the lowest adherence score category, compared to highest scores. Moreover, individuals with the
highest scores also had the healthiest lifestyles for both men and women, i.e., men and women with a
high adherence score had more participation in sports and were less likely to be smokers compared to
those with the poorest adherence to the index.
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Adherence to the healthy Nordic food index was associated with a lower risk of T2D for both
men and women (Table 2). In the model adjusted for potential confounding factors (model 2),
a one-point higher in the index was associated with a 6% lower risk for women (HR, model 2:
0.94, 95%CI = 0.92–0.97) and a 9% lower risk for men (HR, model 2: 0.91; 95% CI: 0.89–0.93).
When the index was assessed as a categorical variable, significant inverse associations were also
found. Women with the highest adherence (5–6 points) had a 25% lower risk of T2D (HR, model 2: 0.75,
95%CI: 0.61–0.92) compared to women with the lowest adherence (0 points). For men, the association
was even more pronounced with a 38% lower risk of T2D (HR, model 2: 0.62, 95%CI: 0.53–0.71) among
men with the highest adherence (5–6 points).
The confounder-adjusted estimates were less strong than the crude estimates. In the
energy-adjusted model (model 3), a significant inverse association was also found, however, it was not
significant when assessed categorical for women. Adjusting for BMI and WC (considered mediators)
additionally moved the association towards unity, and the resulted in insignificant results for women.
When evaluating associations between the single index food items and T2D (Table 3),
intakes of oatmeal and root vegetables above the cut-off values were associated with lower risk
of T2D for both sexes. Moreover, for men significant associations were also found for intake of rye
bread and cabbage.
In the sensitivity analysis where only “confirmed” cases (women = 1821, men = 2432) were
included (Supplementary Table 1), the association between the index and T2D risk appeared slightly
stronger. No significant interactions were found between BMI and the index when assessed in men
and women (results not shown).
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4. Discussion
In the present study, adherence with a healthy Nordic food index was associated with a lower
risk of T2D. More specifically, women had a 6% lower risk and men had a 9% lower risk per one-point
increment on the index score. A healthy Nordic food index score of 5´6 points (high adherence) was
associated with a statistically significant 25% lower T2D risk for women and 38% for men compared to
those with an index score of 0 points (poor adherence), when adjusted for potential confounders.
The strengths of the present study include the prospective design, large number of cases, detailed
information about potential confounding factors, and long follow-up time. Further, a validated FFQ
was used to assess food intake [23]. The study does, however, also have limitations: even though we
used a validated FFQ as exposure measurement, measurement errors are likely, and further the diet
of the participants was only assessed at baseline and might have changed during the long follow-up
period. Furthermore, other healthy Nordic foods in the index could have been relevant to include,
such as rapeseed oil. In studies of the Mediterranean diet, olive oil has shown to be associated
with lower T2D risk [31]. It is possible that rapeseed oil would have similar beneficial effects [32].
However, it was not possible to include rapeseed oil due to the design of the FFQ. Finally, even though
potential confounders were thoroughly considered, we cannot rule out the risk of residual confounding.
The main hypothesis was that adherence to the healthy Nordic food index was associated with
lower T2D risk, which was also the case in the present study. These findings might not be surprising
given that each of the included food items are considered to carry health-enhancing effects [6,33,34].
Overall, none of the food items in the index seemed to be solely responsible for the association found,
and thus this supports the idea that dietary patterns provides extra information compared to when
studying individual foods [35]. The beneficial association found for oatmeal, rye bread, root vegetables,
and cabbages might be explained by the high content of dietary fibre in these foods, as dietary fibers
slow digestion and absorption, affecting the level of glucose as well as insulin sensitivity [36,37],
which are markers related to development of T2D [5]. The lack of associations with fish and apples/pears
in the present study is in congruence with the existing literature [38,39]. This may be that fish and
apples/pears are not directly expected to have blood glucose-stabilizing effects, contrary to the other
four food items in the index.
Our results are also supported by findings from other studies, where a healthy Nordic diet
has been investigated in relation to disease makers including markers of T2D risk [15–17,40,41].
For instance in the Swedish intervention study “NORDIET” where 33 mildly hypercholesterolemia
participants were randomized to follow the NORDIET or a control diet [15]. The investigators found
that adherence to NORDIET improved blood lipid profile (in respect to cholesterol) and reduced
body weight in hypercholesterolemia participants, although there was no effect on blood pressure,
plasma glucose, plasma triglyceride, or the inflammation marker C-reactive protein [15].
We expected that part of the association could be explained by high fibre content and low
energy contents of the foods included in the index, and thus a lower risk of overweight and obesity,
which are main risk factors of T2D [3,42]. Thus, we regarded BMI and WC as mediators rather than
confounders in the association between the index and risk of T2D. As analyses including BMI and
WC as covariates yielded less strong associations, it could be that the association is partly mediated
by these. As most studies on Mediterranean diet consider BMI as potential confounder rather than
mediator [43], we presented results both adjusted and unadjusted for BMI and WC in the tables to
facilitate comparison.
A small prospective study of less than 7000 participants with 541 incident T2D cases investigated
the association between a healthy Nordic food index (The Baltic Sea Score) and risk of T2D. They found
a tendency for an inverse association, but it was not statistically significant, probably due to the
small study size [18]. To our knowledge, no previous large observational study has investigated a
Nordic food in relation to incidence of T2D particularly. However, the regional Mediterranean diet
has been related to lower risk of T2D in several observational studies [8,10,11]. Thus both a healthy
Nordic diet and the Mediterranean diet seems to be related to lower risk of T2D. Previous studies have
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indicated that it might be difficult for people to comply with a “foreign” diet [13]. Therefore, it could be
advocated that a more regional diet should be promoted. Thus, this could not only enhance compliance,
but also help in conserving the environment and cultural diversity [6].
The result of the present study may not be entirely generalizable. The cohort included only people
aged 50-64 and thus may represent a population with a higher T2D risk than the entire population.
It is therefore likely that the associations found are stronger than expected for the entire population.
5. Conclusions
In conclusion, we found an inverse association between a healthy Nordic index and risk of T2D
for both men and women. Thus, healthy aspects of the Nordic diet may play a role in the prevention of
T2D. Promoting regional diets might be an effective and sustainable way of improving public health.
Supplementary Materials: Supplementary materials can be accessed at: http://www.mdpi.com/2073-4360/7/
10/5418/s1.
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Abstract: Strong observational evidence supports the association between obesity and cardiovascular
events. In elderly high-risk subjects, the Mediterranean diet (MedDiet) was reported to counteract
the adverse cardiovascular effects of adiposity. Whether this same attenuation is also present in
younger subjects is not known. We prospectively examined the association between obesity and
cardiovascular clinical events (myocardial infarction, stroke or cardiovascular death) after 10.9 years
follow-up in 19,065 middle-aged men and women (average age 38 year) according to their adherence
to the MedDiet (<6 points or ě6 points in the Trichopoulou’s Mediterranean Diet Score). We observed
152 incident cases of cardiovascular disease (CVD). An increased risk of CVD across categories of body
mass index (BMI) was apparent if adherence to the MedDiet was low, with multivariable-adjusted
hazard ratios (HRs): 1.44 (95% confidence interval: 0.93–2.25) for ě25 – <30 kg/m2 of BMI and 2.00
(1.04–3.83) for ě30 kg/m2 of BMI, compared to a BMI < 25 kg/m2. In contrast, these estimates
were 0.77 (0.35–1.67) and 1.15 (0.39–3.43) with good adherence to MedDiet. Better adherence to the
MedDiet was associated with reduced CVD events (p for trend = 0.029). Our results suggest that the
MedDiet could mitigate the harmful cardiovascular effect of overweight/obesity.
Keywords: obesity; Mediterranean diet; prospective cohort study; cardiovascular disease;
SUN project
1. Introduction
The prevalence of obesity is increasing globally, and it is one of the major public health problems
in most countries. According to WHO, in the last three decades the prevalence of obesity has doubled
worldwide. As a result, the majority of world population currently live in countries where overweight
and obesity cause more deaths than insufficient weight [1].
Excess body weight is likely to be associated with clinical cardiovascular disease (CVD) even
at moderate levels of overweight and independently of traditional cardiovascular risk factors [2–5].
On the other hand, dietary habits play an important role as determinants of optimal health and—more
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importantly—they may be especially useful for the prevention of CVD [6,7]. There is compelling
evidence that the traditional Mediterranean diet (MedDiet) has beneficial effects against all-cause
mortality and clinical cardiovascular events [8–10]. In the context of the current pandemic of
overweight/obesity, it is likely that dietary habits in line with the traditional Mediterranean dietary
pattern may attenuate the well-known detrimental effects of adiposity on cardiovascular risk. In this
line of thought, a recent study conducted in elderly high-risk subjects suggested that the MedDiet could
counteract the adverse cardiovascular effects of an increased body weight [11]. It is not known whether
this attenuation by the MedDiet of the harmful cardiovascular effects of even a moderate degree of excess
adiposity is also present in younger subjects at lower cardiovascular risk. We prospectively assessed the
association between obesity and incidence of major clinical cardiovascular events within categories of
adherence to the MedDiet in a sample of 19,065 highly educated men and women followed-up for a




The SUN project is a multipurpose prospective Spanish cohort study entirely composed of
university graduates. This cohort was designed to assess associations of diet or lifestyle with
the incidence of several chronic diseases and mortality. The study protocol was approved by the
Institutional Review Board of the University of Navarra. The design, methods and objectives of the
SUN project have been described previously [12].
The recruitment of participants started in December 1999. It is a dynamic cohort permanently
open to recruitment of new participants. Up to December 2014, 22,175 participants had answered the
baseline questionnaire. Follow-up information is collected through self-administered questionnaires
sent biennially by mail.
Figure 1. Flow-chart of participants in the SUN Project, 1999–2014.
For the present analysis, 2718 participants were lost to follow up or were recruited for the
cohort only for a short period (less than 2 years) and were therefore excluded from our analyses;
in addition, 386 participants with total daily energy intake beyond percentiles 1 or 99 were also
excluded. Thus, our final sample included 19,065 participants (Figure 1).
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2.2. Anthropometric Variables
Participants’ weight was recorded at baseline. Reliability and validity of self-reported weight has
been previously assessed in a subsample of the cohort, and has shown a high correlation with directly
measured weight (r = 0.99; 95% CI: 0.99, 0.99) and a mean relative error of 1.45% [13]. Body mass index
(BMI), defined as weight in kilograms divided by the square of height in meters, was computed in the
baseline questionnaire. Reliability of self-reported weight and height used to calculate BMI has been
previously assessed [13] (r = 0.94; 95% CI: 0.91, 0.97). Mean relative error in self-reported BMI was 2.64%.
2.3. Dietary Assessment
Usual diet was assessed at baseline with a validated semi-quantitative 136-item food-frequency
questionnaire (FFQ) [14,15]. Each item included a typical portion size, and consumption frequencies
were grouped in nine categories that ranged from “never or almost never” to “ě6 times/day.”
A trained team of dietitians updated the nutrient data bank using the latest available information
included in food composition tables for Spain [16,17]. We used the Mediterranean Diet Score
(ranging from 0 to 9 points) proposed by Trichopoulou et al. [18] to classify participants according to
their baseline adherence to the Mediterranean diet [19]. One point was assigned to persons whose
consumption was at or above the sex-specific median of components frequently consumed in the
context of traditional Mediterranean diet (vegetables, fruits/nuts, legumes, fish/seafood, cereals,
and monounsaturated/saturated (MUFA/SFA) fat ratio). The participant received also 1 point if her
or his intake was below the median for the 2 components less frequently consumed in the context
of traditional Mediterranean diet (meat and dairy products). For ethanol, 1 point was assigned only
for moderate amounts of intake (5–25 g/day for women or 10–50 g/day for men.). We dichotomized
adherence to MedDiet into 2 categories (<6 and ě6 points in the Trichopoulou’s score).
2.4. Other Covariates
We used standardized questionnaires included in the baseline questionnaire to gather information
about socio-demographic parameters (sex, age), anthropometric measurements (weight, BMI) and
health-related habits (smoking status, physical activity, sedentary lifestyle). Information on physical
activity was collected at baseline through a previously validated questionnaire that contained
time spent in 17 different activities. Physical activity was expressed in metabolic equivalent tasks
(METs = time spent at each activity in hours/week multiplied by its typical energy expenditure) [20].
2.5. Outcome Assessment
Incidence of cardiovascular events, defined as non-fatal myocardial infarction, non-fatal stroke
reported by participants on a follow-up questionnaire or deaths due to cardiovascular disease, was the
primary endpoint. An expert panel of physicians, blinded to information on diet, anthropometric
indexes and risk factors, reviewed medical records of participants and adjudicated events applying
universal criteria for myocardial infarction and clinical criteria for the other outcomes. A non-fatal
stroke was defined as a focal neurological deficit of sudden onset and vascular mechanism lasting
>24 h. Cases of fatal stroke were documented if there was evidence of a cerebrovascular mechanism.
Deaths were reported to our research team by the participants’ next of kin, work associates and postal
authorities. For participants lost to follow-up, we consulted the National Death Index every 6 months
to identify deceased cohort members and to obtain their cause of death. Cases of fatal CHD or
stroke reported by families or postal authorities were confirmed by a review of medical records with
permission of the next of kin.
2.6. Statistical Analyses
Analyses were performed with STATA version 12.0 (StataCorp, College Station, TX 77840, USA).
For descriptive purposes, we calculated means, standard deviations, proportions, medians,
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and percentiles of baseline characteristics across levels of adherence to the Mediterranean diet. We used
Cox regression models to assess hazard ratios (HRs) and their 95% confidence intervals (CIs) for total
CVD events across categories of BMI (cut off points: 25 and 30 kg/m2). We used age as the underlying
time variable and stratified all analyses for age groups. To assess attenuation by the MedDiet of the
harmful effect of obesity, we stratified results for baseline adherence to the MedDiet (categorized into
two groups: low adherence (<6 points) and high adherence (ě6 points)). We included as covariates
potential confounders such as age (underlying time variable, plus stratification), sex, smoking
status (3 categories), physical activity during leisure time, baseline hypertension status, baseline
hypercholesterolemia status, diabetes, years of university education, and previous history of CVD
(present in only 173 participants) in multivariable analyses.
We also assessed incidence of cardiovascular events according to four categories of adherence to
MedDiet: low (2 points), low-moderate (3–4 points), moderate-high (5–6 points) and high (7–9 points).
In addition, linear trend test were also conducted using Trichopoulou’s score of adherence to MedDiet
as a continuous variable.
3. Results
Table 1 shows the baseline characteristics of participants according to their baseline adherence
to MedDiet and stratified by their baseline BMI. In addition to having a high level of education,
SUN cohort participants were relatively young at baseline (mean age 38.4 years), more likely
to be women (60.5%) and non-obese (average BMI = 23.5 kg/m2; 95.3% of participants had a
BMI < 30 kg/m2). However, participants with better adherence to MedDiet were older, more physically
active, more likely to be men and married and to follow special diets, and less likely to snacks between
meals. They were also less likely to be current smokers but more prone to being former smokers.
In addition, those participants with initial good adherence to the MedDiet were more likely to have a
previous diagnosis of hypercholesterolemia, hypertriglyceridemia, diabetes or hypertension.
Table 1. Baseline characteristics of participants according to Mediterranean diet adherence and BMI.
Low Adherence to MedDiet (<6/9) High Adherence to MedDiet (ě6/9)
BMI <25 BMI 25–30 BMI >30 BMI <25 BMI 25–30 BMI >30
N 10,169 3396 663 3208 1396 233
Age (years) 35 (10) 43 (13) 45 (12) 39 (12) 48 (12) 48 (13)
Women (%) 74.3 30.4 32.0 71.7 28.2 23.6
BMI (kg/m2) 21.6 (1.9) 26.9 (1.3) 32.5 (2.4) 21.9 (1.9) 26.9 (1.3) 32.7 (3.0)
Previous history of CVD (%) 0.4 1.3 1.5 0.8 3.0 4.3















Single 53.5 30.9 27.8 43.6 19.9 5.7
Married 42.4 63.9 65.6 50.7 74.4 70.4
Others 4.0 5.2 6.6 5.7 5.8 7.7
Smoking current smokers (%) 22.9 20.4 19.6 20.8 17.9 18.0
Former smokers (%) 22.6 34.9 39.5 30.5 44.4 48.1
Baseline hypercholesterolemia (%) 11.3 22.5 32.3 17.8 33.0 38.2
Baseline triglycerides (%) 2.9 12.1 23.5 4.4 16.3 30.9
Diabetes at baseline (%) 0.9 2.8 5.7 1.6 3.5 7.3
Hypertension at baseline (%) 3.0 12.5 25.9 5.2 19.3 32.6
Years of university education 5.0 (1.47) 5.2 (1.60) 5.0 (1.51) 5.0 (1.50) 5.3 (1.72) 5.1 (1.50)
Leisure-time spent sitting
down, h/week. 3.8 (1.72) 3.8 (1.91) 3.8 (2.06) 3.9 (1.86) 4.0 (1.83) 4.1 (2.01)
TV watching, h/week. 1.6 (1.23) 1.7 (1.14) 1.8 (1.18) 1.6 (1.16) 1.7 (1.09) 1.8 (1.17)
Between-meal snacking (%) 35.2 34.7 51.3 27.9 29.3 40.8
Following special diets (%) 5.6 9.6 15.1 9.2 12.8 19.3
BMI: body mass index; SD: standard deviation; CVD: cardiovascular disease (acute coronary syndromes
or stroke).
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We observed 152 incident cases of CVD (56 non-fatal myocardial infarctions, 30 non-fatal strokes
and 66 cardiovascular deaths) after a mean of 10.9 years of follow–up. As shown in Table 2, we assessed
the relationship between classical categories of BMI and risk of CVD clinical events according
to categories of baseline adherence to MedDiet (<6 and ě6 points in the Trichopoulou’s score).
An increased risk of CVD events across categories of BMI was apparent in the low adherence to
MedDiet group. Within each group of BMI, the group with lesser conformity to MedDiet had higher
rates of age-adjusted CVD than the group with good adherence to MedDiet.
Table 2. Relative risk (hazard ratios and 95% confidence intervals) of incident cardiovascular disease
(myocardial infarction, stroke or cardiovascular death) according to baseline body mass index and
adherence to MedDiet. The SUN project 1999–2014.
Low Adherence to MedDiet (<6/9) High Adherence to MedDiet (ě6/9)
Body mass index <25 25–30 >30 <25 25–30 >30
n 10,169 3396 663 3208 1396 233
Median body mass index 21.6 26.9 32.5 21.9 26.9 32.7
events 38 59 15 15 19 6
Person-years 95,620 30,961 5814 28,260 11,917 1789
Age-adjusted rate/105 (95% CI)
40
(28–55) 74 (49–113) 97 (53–177)
31
(17–57) 43 (25–76) 86 (36–206)














* Adjusted for age (underline time variable plus stratification), sex, smoking, baseline hypercholesterolemia,
hypertension, leisure-time physical activity, hypertension, diabetes and previous history of cardiovascular
disease. Robust standard errors were used. p for interaction (BMI ˆ MedDiet) = 0.10.
Among participants with low adherence to the MedDiet and compared to participants with
a BMI < 25 kg/m2, multivariable-adjusted hazard ratios (95% confidence intervals) of CVD were
1.44 (0.93–2.25) for participants with a BMI ě25 – <30 kg/m2, and 2.00 (1.04–3.83) for participants
with BMI > 30 kg/m2. On the other hand, in the group with good adherence to the MedDiet,
multivariable-adjusted hazard ratios (HRs) were 0.77 (0.35–1.67) and 1.15 (0.39–3.43), respectively.
Therefore, there was a trend towards an attenuation of the harmful effects of obesity by the MedDiet.
However, the p value for the multiplicative interaction (to test for an effect beyond the multiplication
of both independent effects) was not statistically significant (p = 0.10).
We also confirmed an inverse association between adherence to MedDiet and CVD events
(Table 3), which was previously reported when the accrual in this cohort, measured as person-years,
was smaller [21]. In this updated analysis, participants with the highest adherence (score >7) showed a
53% lower risk of cardiovascular events as compared to participants in the lowest adherence category
(score <2), after adjustment for potential confounders. The inverse linear trend for the association
between adherence to the MedDiet and CVD was statistically significant (p = 0.029). A two-point
increment in the Mediterranean-diet score was associated with a 7% relative reduction in CVD risk.
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Table 3. Relative risk (Hazard Ratios and 95% confidence intervals) of incident cardiovascular disease
(myocardial infarction, stroke or cardiovascular death) according to baseline adherence to the MedDiet.








High 7–9 p for Trend For Each +2 Points
n 3334 7160 6431 2140
Incident cases of CVD 23 57 51 21
Person-years 32,001 66,900 57,120 18,341




(0.31–1.09) 0.097 0.95 (0.91–0.99)
Multivariable-adjusted







* Adjusted for age (underline time variable plus stratification), sex, smoking, baseline hypercholesterolemia,
hypertension, leisure-time physical activity, hypertension, diabetes and previous history of cardiovascular
disease. Robust standard errors were used. p for interaction (BMI ˆ MedDiet) = 0.10.
Figure 2 presents multivariable-adjusted hazard ratios for the joint classification according to
both values of BMI (3 groups with the following 2 cut-off points: 25 and 30 kg/m2) and adherence to
MedDiet (two categories: low adherence (<6 points) and high adherence (ě6 points)). The reference
category was the group with low BMI (<25) and high adherence to MedDiet (score ě6). In the group
with better adherence to MedDiet, the risk of CVD was lower than in the poor adherence group across
all BMI categories.
Figure 2. Relative risk of cardiovascular disease (HR and 95% confidence intervals) in the SUN project
according to baseline body mass index and adherence to MedDiet.
4. Discussion
This study contributes to support the evidence that closer adherence to the MedDiet could
counteract some of the adverse cardiovascular effects of overweight/obesity, not only in elderly persons
at high cardiovascular risk but also in young, healthier and highly-educated persons. Though we did
not find a statistically significant interaction and the p value for the product-term only approached
statistical significance, a biological interaction was suggested by our results. In fact, the effect of
increased adiposity was mitigated in subjects with high adherence to MedDiet.
There is evidence that excess body weight is associated with an increased risk of CVD [22,23].
Excess weight is associated with both subclinical metabolic and vascular dysfunction that, with the
passage of time, lead to an increased risk of CV events, due to a state of low-grade inflammation that
increases cardiovascular risk [24–26]. Therefore, it seems biologically plausible that the MedDiet’s
anti-inflammatory effects [27] could counter-balance the detrimental effects of obesity-associated
low-grade inflammation.
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The association between overweight and CVD is not as universally acknowledged as that between
obesity and CVD. For instance, a recently published meta-analysis suggested that overweight subjects
(defined as those with a BMI of 25 to 30 kg/m2) have lower all-cause mortality as compared to normal
weight subjects. In addition, persons with grade I obesity (BMI between 30 and 35 kg/m2) had a
significantly lower risk of mortality [28]. In contrast, in our study an increased risk of CVD was
observed both in obese and overweight subjects. A possible explanation for this discrepancy lies in the
presence of potential biases that may have attenuated the association between obesity and CVD risk in
previous studies conducted with older participants, such as higher rate of tobacco use and presence of
preclinical diseases. We were able to avoid this problem as our examined sample was composed of
healthy and young individuals with a low prevalence of pre-existing disease.
We used BMI to measure excess of body weight, as it is the most widely used and accepted
index for assessing obesity. However, anthropometric indexes such as the waist-to-height (WHtR)
or waist circumference (WC) have been shown to have advantages as predictors of CVD [29,30].
Nevertheless, weight and height are objective and reproducible measures that have been accurately
reported by our participants in a validation study of self-reported measurements [13].
Previous studies have suggested the beneficial metabolic effects of the MedDiet, regardless of
abdominal adiposity [31–34]. Our results support a previous study that suggested a beneficial effect
from the MedDiet in obese subjects [11]. In addition, we have found evidence that extends this benefit
to overweight subjects.
There are several strengths in our research that deserve to be mentioned. We used a large sample
of participants with a high retention rate. The prospective nature of our study with its long follow-up
period allowed us to detect CVD events and avoid reverse causation bias in the reported associations.
In addition, multiple-adjusted models enabled us to control for a wide array of potential confounders.
We find that our study has a strong internal validity thanks to a high retention rate and reliable
self-reported measures reported by highly educated participants. In addition, internal validity is
reinforced by restriction to subjects with high educational levels so that the risk for confounding
by education or socio-economic levels is minimized. On the other hand, we acknowledge
some limitations of our study. First, the information on several variables was collected through
self-reporting. However, parameters such as self-reported usual diet, weight or BMI have been
previously validated [13], therefore decreasing risk of residual misclassification. In addition,
outcomes were confirmed by a panel of physicians after blindly reviewing participants’ medical
records. Second, the product-term in the fully adjusted model showed a non-significant interaction.
The relatively small number of events observed in our cohort could explain the lack of statistical
significance of this interaction product-term. However, this low number of cardiovascular events
should not be surprising given the young age and healthy characteristics of our participants.
5. Conclusions
Our study suggests benefits from the MedDiet as an effective tool for counteracting the detrimental
effects of obesity on cardiovascular health.
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Abstract: Many studies show that dietary factors may affect the risk of nasopharyngeal carcinoma
(NPC). We examined the association between overall diet quality and NPC risk in a Chinese
population. This case-control study included 600 NPC patients and 600 matched controls between
2009 and 2011 in Guangzhou, China. Habitual dietary intake and various covariates were assessed
via face-to-face interviews. Diet quality scores were calculated according to the Healthy Eating
Index-2005 (HEI-2005), the alternate Healthy Eating Index (aHEI), the Diet Quality Index-International
(DQI-I), and the alternate Mediterranean Diet Score (aMed). After adjustment for various lifestyle
and dietary factors, greater diet quality scores on the HEI-2005, aHEI, and DQI-I—but not on the
aMed—showed a significant association with a lower risk of NPC (p-trends, <0.001–0.001). The odds
ratios (95% confidence interval) comparing the extreme quartiles of the three significant scores were
0.47 (0.32–0.68) (HEI-2005), 0.48 (0.33–0.70) (aHEI), and 0.43 (0.30–0.62) (DQI-I). In gender-stratified
analyses, the favorable association remained significant in men but not in women. We found that
adherence to the predefined dietary patterns represented by the HEI-2005, aHEI, and DQI-I scales
predicted a lower risk of NPC in adults from south China, especially in men.
Keywords: nasopharyngeal carcinoma; diet quality; dietary pattern; case-control study;
Chinese; adults
1. Introduction
Nasopharyngeal carcinoma (NPC), which originates in the epithelial cells lining the nasopharynx,
is a rare type of neoplasm worldwide. The Global Cancer estimation project for 2012 indicated
an age-standardized incidence of 1.2 and mortality rate of 0.7 per 105 [1]. However, much higher
incidences have been observed in southern China, especially in the province of Guangdong
(incidence, 10.5 ˆ 10´5; mortality rate, 5.3 ˆ 10´5) in 2011 [2]. More efforts are needed to explore the
risk factors of NPC to allow more effective prevention in the Guangdong population.
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NPC is believed to result from a combination of genetic susceptibility, Epstein–Barr virus infection,
and a variety of environmental factors (e.g., carcinogens and dietary factors) [3,4]. An increasing
body of evidence has shown that dietary factors may have an enigmatic effect on the initiation and
promotion of NPC [4–6]. Studies have consistently reported a positive association between the risk of
NPC and the consumption of salt-preserved fish [7,8], salted vegetables, and preserved meat [9,10],
and favorable associations have been observed between the intake of fresh fruit and vegetables and
the risk of NPC in Chinese adults [4,11]. However, data on the role of overall dietary quality in the risk
of NPC are scarce.
A larger number of scores have been developed to assess overall dietary quality according to
various dietary guidelines, such as the Healthy Eating Index-2005 (HEI-2005) [12], the alternate Healthy
Eating Index (aHEI) [13], the Diet Quality Index-International (DQI-I) [14], and other beneficial dietary
patterns (e.g., the alternate Mediterranean Diet (aMed) [15]). Many studies have shown associations
between higher overall diet scores and a lower risk of various cancers, including head and neck
cancer [16], gastric cancer [17], esophageal cancer [18], rectal cancer [19], and breast cancer [20].
Moreover, different dietary scales have different predictive values on the risk of individual cancers.
However, to our knowledge, no study has yet reported associations between overall diet quality scores
and the risk of NPC.
This study was performed to determine the association between four widely used diet quality
scores (HEI-2005, aHEI, DQI-I, and aMed) and the risk of NPC and to assess which scores may best
predict the risk of NPC in a high-incidence population in southern China.
2. Methods
2.1. Study Population
This matched case-control study was conducted between July 2009 and March 2011 in Guangzhou,
Guangdong Province, China. The design of the study was described previously [11]. The patients
and control subjects were matched in a 1:1 ratio by gender, age (˘3 years), and household type
(urban vs. rural in the past 10 years). The detailed inclusion and exclusion criteria for patients and
control subjects are shown in Supplemental Table S1. The ethics committee of the School of Public
Health of Sun Yat-sen University approved the study, and written informed consent was obtained
from all participants.
2.2. Data Collection
Face-to-face interviews were conducted by experienced interviewers with relevant medical
knowledge using a structured questionnaire that included information on (1) sociodemographic
characteristics; (2) occupational and domestic exposure to toxic substances; (3) lifestyle habits
(e.g., smoking and alcohol consumption); (4) habitual dietary consumption over the year before
diagnosis (patients) or before the interview (control subjects); (5) all physical activities, including
occupational and leisure activities, over the past month before admission to hospital (or interview);
and (6) history of chronic diseases. Each interviewer completed an equal proportion of questionnaire
interviews between the patient and control groups.
2.3. Assessment of Dietary Intake
A semiquantitative 78-item food frequency questionnaire (FFQ) was used to assess dietary
consumption [11,21]. The mean intake of food per day, week, month, or year was reported for
each food item on the FFQ. For seasonal foods, the participants were asked to report how many months
of the year they consumed each item. Food photographs were provided as visual aids to assess portion
sizes. The average daily intake of nutrients and total energy were calculated according to the Chinese
Food Composition Table, 2002 [22]. We adjusted grams per day to servings per day according to the
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serving size definitions of the U.S. Food Guide Pyramid (2005) and Chinese dietary guidelines (2007)
when appropriate [23].
2.4. Calculation of Diet Quality Scores
We calculated the diet quality scores of HEI-2005, aHEI, DQI-I, and aMed on the basis of the data
from the FFQ interview. The calculations for the HEI-2005, aHEI, and DQI-I were mainly based on the
distribution of intake of foods, nutrients, energy, and/or ratios of the relevant items, or the median
values for aMed, as described in detail in previous reports [24].
The 100-point HEI-2005 scale includes 14 items [12]. Fruits, vegetables, grains, milk, meat and
beans, and oils were measured as servings per 1000 kcal, and solid fat, alcohol, and added sugar were
expressed as the percentage of total calories. For sodium, we only asked whether the subject’s taste was
light, moderate, or heavy, and each corresponding choice was valued 0, 5, or 10 points, respectively.
The nine-item aHEI score was developed by McCullough et al. [13] based on foods and nutrients
(e.g., nut and soy protein, cereal fiber, transfats, and the ratio of polyunsaturated to saturated fat) that
are associated with a risk of chronic disease. Each component is worth 0 to 10 points except for the
multivitamin item, which was either 2.5 or 7.5. We excluded transfats because they are consumed at a
very low level in the middle-aged and elderly Chinese population [25]. Therefore, the aHEI scores
contained eight components for a total of 77.5 points in our study.
The DQI-I score was calculated on the basis of the methods developed by Kim et al. [14].
Briefly, the DQI-I assesses four categories (variety, adequacy, moderation, and overall balance) and
contains six food items and 11 nutrient items. The maximum possible score for each item ranges from
4 to 15 points, for a total score of 100 points.
The aMed score was modified by Fung et al. [15] from the original Mediterranean diet score [26]
to evaluate nine components with a maximum score of 9. One point for each item is assigned to subjects
with high intake of whole grains, vegetables, fruit, legumes, nuts, fish, ratio of monounsaturated to
saturated fat, a moderate intake of alcohol, and a low intake of red and processed meats, respectively,
based upon the sex-specific median in the control subjects.
2.5. Statistical Analysis
Common characteristics between the patients and the control subjects were compared using
paired t-tests for continuous variables and paired chi-square tests for categorical variables. Logarithmic
transformation was used for energy intake, and square root transformation was applied to the other
dietary factors. Dietary intakes were adjusted for total energy intake using the residual method.
The diet quality scores on the HEI-2005, aHEI, DQI-I, and aMED were categorized into four quartiles
(Q1 to Q4) on the basis of the sex-specific quartile cutoffs among the control subjects. Odds ratios and
95% confidence intervals (CIs) for NPC were estimated with the use of univariate and multivariate
conditional logistic regression models for each score using the lowest quartile (Q1) as the referent.
p values for the between quartiles were also calculated using quartile 2 and 3 as the referent, respectively.
The p values for linear trends were estimated by modeling the quartiles of diet quality scores as
continuous variables. In the multivariate model, we adjusted for age, body mass index, occupation,
marital status, education level, household income, current smoking status, current drinking status,
exposure to potential toxic substances, history of chronic rhinitis, physical activity, energy intake, intake
of preserved vegetables and animal food, and multivitamin supplements, except for the aHEI score
analysis. Stratified analyses were performed by gender. The interaction significance was evaluated
with the Wald χ2 test with a multiplicative interaction term (α = 0.05 divided by the number of tests).
Statistical significance was inferred for two-tailed p values of less than 0.05. All statistical analyses
were performed with SPSS software (version 17.0, SPSS, Chicago, IL, USA).
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3. Results
We screened 653 eligible patients from all 851 inpatients in the hospital during the study period.
We excluded those with an incomplete questionnaire (20 patients), those who refused to participate
(31 patients), and those who had implausible daily energy intakes (700 to 4200 kcal for men and
500 to 3500 kcal for women) (2 patients). The final analysis included 600 patients and 600 matched
control subjects.
The patients with NPC and the control subjects had similar distributions of age, gender, and
household type. There were three times as many men (74.7%) as women. The patients with NPC were
more likely than the control subjects to have a history of chronic rhinitis (p < 0.001), a higher body
mass index (p < 0.002), less intense occupational activity (p < 0.001) and physical activity (p = 0.013),
and lower total energy intake (p = 0.029). No significant differences were observed for current drinking
status, current smoking status, and exposure to toxic substances (Table 1).
Table 1. Participants’ characteristics in nasopharyngeal carcinoma cases and controls a.
Cases (n = 600) Controls (n = 600) p-Value
Age, year 47.4 ˘ 9.0 47.4 ˘ 9.0 0.992
Gender (Male/Female) 448/152 448/152
Body mass index, kg/m2 23.2 ˘ 3.1 22.7 ˘ 2.8 0.002
Marital status 0.007
Married 590 (98.3) 574 (95.7)
Single 10 (1.7) 26 (4.3)
Household type, n (%)
Urban 399 (66.5) 399 (66.5)
Rural 201 (33.5) 201 (33.5)
Education, n (%) 0.001
Primary school or below 109 (18.2) 130 (21.7)
Secondary school 190 (31.7) 229 (38.2)
High school 170 (28.3) 158 (26.3)
College or above 131 (21.8) 83 (13.8)
Family monthly income, Yuan/person 0.007
<1500 256 (42.7) 304 (50.7)
1500–3000 158 (26.3) 153 (25.5)
>3000 186 (31.0) 143 (23.8)
Occupation, n (%) <0.001
Light intensity of activity 228 (38.0) 192 (32.0)
Moderate intensity of activity 188 (31.3) 158 (26.3)
Heavy intensity of activity 184 (30.7) 250 (41.7)
Chronic rhinitis history, n (%) 164 (27.3) 108 (18.0) <0.001
Exposure to toxic substances, n (%) b 274 (45.7) 269 (44.8) 0.814
Current drinking, n (%) c 132 (22.0) 121 (20.2) 0.489
Current smoking, n (%) d 294 (49.0) 277 (46.2) 0.343
Physical activities, MET h/day e 38.2 ˘ 8.9 39.7 ˘ 12.2 0.013
Dietary energy intake, kcal/day 1873 ˘ 600 1953 ˘ 642 0.029
Multivitamin use, n (%) 32 (5.3) 35 (5.8) 0.711
a Continuous values are described by means ˘ SD. Categorical variables are described by numbers (%);
b Exposure to potential toxic substances or detrimental environment included exposuring to one of the
following factors over one year: heat, organic solvents, pesticides, heavy metals, smoke from burning incense,
anti-mosquito coils, new furniture or decoration and radiation; c Current drinking was defined as having had
alcohol drinks at least once weekly for at least six consecutive months; d Current smoking was defined as
having smoked at least one cigarette daily for at least six consecutive months; e Physical activities included
daily occupational, leisure-time and household-chores, evaluated by metabolic equivalent (MET) hours per day.
The median scores for patients and control subjects were 71 (range, 35 to 86) and 72 (32 to 87) for
the HEI-2005, 39.5 (13.5 to 62.5) and 41.5 (11.5 to 62.5) for the aHEI, 52 (22 to 74) and 54 (27 to 74) for the
DQI-I, and 4 (0 to 8) and 4 (0 to 9) for the aMed. The diet quality scores all had significant correlations
(all p < 0.01) to each other (Supplemental Table S2).
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The univariate analyses showed that subjects with higher scores on the HEI-2005, aHEI,
and DQI-I—but not the aMed—had a significantly lower risk of NPC (p trends, <0.001 to 0.006).
Similar associations remained after adjustment for multiple covariates (p trends, <0.001 to 0.001)
(Table 2). The odds ratios (95% CI) of NPC risk for the extreme quartiles (Q4 vs. Q1) of the diet quality
scores were 0.47 (0.32 to 0.68) for the HEI-2005 score, 0.48 (0.33 to 0.70) for the aHEI score, and 0.43
(0.30 to 0.62) for the DQI-I score, respectively (Table 2).
Table 2. ORs (95% CIs) of nasopharyngeal carcinoma for quartiles of diet-quality scores (n = 600 pairs) a.
ORs (95% CI) by Quartiles of Each Scores p-Trend
Q1 Q2 Q3 Q4 (Highest)
HEI-2005
N (case/control) 189/175 165/146 168/144 78/135
Score b 62 69 75 80
Crude OR 1.00 1.02 (0.76,1.38) 1.01 (0.75,1.36) 0.54 (0.38,0.77) **,##,&& 0.006
Adjusted OR c 1.00 0.95 (0.69,1.31) 0.90 (0.65,1.24) 0.47 (0.32,0.68) **,##,&& 0.001
aHEI
N (case/control) 196/158 180/149 128/153 96/140
Score 31.5 39.5 44.5 50.5
Crude OR 1.00 0.93 (0.69,1.24) 0.64 (0.46,0.89) **,# 0.54 (0.39,0.76) **,## <0.001
Adjusted OR 1.00 0.93 (0.67,1.28) 0.50 (0.34,0.73) **,# 0.48 (0.33,0.70) **,# <0.001
DQI-I
N (case/control) 229/164 115/151 163/142 93/143
Score 44 52 57 63
Crude OR 1.00 0.53 (0.38,0.73) ** 0.81 (0.60,1.11) # 0.45 (0.32,0.64) **,&& <0.001
Adjusted OR 1.00 0.45 (0.31,0.64) ** 0.75 (0.53,1.05) # 0.43 (0.30,0.62) **,&& <0.001
aMed
N (case/control) 137/136 122/103 185/181 156/180
Score 2 3 4 6
Crude OR 1.00 1.17 (0.82,1.66) 1.01 (0.73,1.38) 0.86 (0.62,1.18) 0.240
Adjusted OR 1.00 1.06 (0.72,1.56) 0.98 (0.69,1.37) 0.85 (0.59,1.22) 0.319
a Abbreviations: aHEI: alternate Healthy Eating Index; aMed: alternate Mediterranean Diet Score;
DASH: Dietary approach to stop hypertension; DQI-I: Diet Quality Index–International; HEI-2005:
Healthy Eating Index—2005; ORs (95% CI): Odds ratios (95% confidence interval); **: Compared with
Quartile 1, p < 0.01; #,##: Compared with Quartile 2, p < 0.05, p < 0.01; &&: Compared with Quartile 3, p < 0.01;
b Median score in controls; c Crude and adjusted ORs (95% CI) from conditional logistic regression models.
For the adjusted ORs, covariates include age, body mass index, occupation, marital status, educational level,
household income, current smoking, current drinking, exposure to potential toxic substances, multivitamin
supplements, chronic rhinitis history, physical activity, daily energy intake, preserved vegetables and animal
food, and multivitamin supplements except for the aHEI score analysis.
In gender-stratified analyses, significant associations between the HEI-2005, aHEI, and DQI-I
scores, and the risk of NPC were observed only in men but not in women. The corresponding odds
ratios (Q4 vs. Q1) ranged from 0.36 to 0.40 in men and 0.55 to 0.72 in women for the three scores
(p interactions: 0.048 to 0.212) (Table 3).
Table 3. Adjusted ORs (95% CIs) of nasopharyngeal carcinoma for quartiles of diet-quality scores
by gender a.
ORs (95% CI) b by Quartiles of Each Score p-Trend p-Inter-Action
Q1 Q2 Q3 Q4 (Highest)
HEI-2005
Gender 0.055
Men 1.00 0.90 (0.61,1.33) 0.79 (0.53,1.19) 0.40 (0.25,0.65) **,##,& 0.001
Women 1.00 1.13 (0.56,2.28) 1.54 (0.83,2.86) 0.71 (0.32,1.57) 0.934
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Table 3. Cont.
ORs (95% CI) b by Quartiles of Each Score p-Trend p-Inter-Action
Q1 Q2 Q3 Q4 (Highest)
aHEI
Gender 0.212
Men 1.00 0.90 (0.61,1.32) 0.47 (0.31,0.74) ** 0.40 (0.26,0.62) ** <0.001
Women 1.00 1.07 (0.58,1.97) 0.66 (0.30,1.42) 0.72 (0.35,1.47) 0.221
DQI-I
Gender 0.048
Men 1.00 0.41 (0.27,0.64) ** 0.61 (0.41,0.92) *,# 0.36 (0.23,0.55) **,&& <0.001
Women 1.00 0.55 (0.26,1.16) 1.25 (0.62,2.49) 0.55 (0.25,1.22) 0.644
aMed
Gender 0.199
Men 1.00 1.10 (0.70,1.72) 0.99 (0.67,1.46) 0.74 (0.48,1.15) 0.178
Women 1.00 1.64 (0.74,3.63) 0.79 (0.35,1.76) 1.26 (0.65,2.44) 0.797
a Abbreviations: see Table 2; n: men 448 pairs, women 152 pairs; *,**: Compared with Quartile 1, p < 0.05,
p < 0.01; #,##: Compared with Quartile 2, p < 0.05, p < 0.01; &,&&: Compared with Quartile 3, p < 0.05, p < 0.01;
b Odds ratios (95% CI): from multivariate conditional logistic regression models after adjustments for the
covariates as indicated in Table 2. α for interactions = 0.05/4 tests = 0.0125.
4. Discussion
This case-control study with 600 patients and 600 control subjects showed that three diet quality
scores (HEI-2005, aHEI, and DQI-I) had approximate favorable associations with the risk of NPC,
but the aMed score had no such association. These results suggest that adherence to these three indices
could play a role in the prevention of NPC. Although these three scores had similar associations with
the risk of NPC, public health messages should pay more attention to the aHEI score for the prediction
of NPC because it has fewer scoring items and the simplest scoring method.
Up to date, no study has yet reported the relationship between diet quality scores and the risk of
NPC. However, significant inverse associations have been shown between diet quality scores and the
risks of many other cancers in most [18,19,27–30], but not all [31,32], previous studies. In the National
Institutes of Health–AARP Diet and Health Study with 537,218 men and women (followed-up for
10.5 years), the consumption of a diet with a high HEI-2005 and aHEI score may reduce the risk of
pancreatic [27], prostate [28], esophageal [18], and colorectal [19] cancers, with multivariable adjusted
hazard ratios ranging from 0.51 to 0.92 when comparing the highest and lowest quintiles. Data from
the Health Professional’s Follow-up Study and Nurses’ Health Study showed that the HEI-2005 and
aHEI-2010, which are strongly correlated with the aHEI, had an inverse association with the overall
risk of cancer among women and men (p trend, 0.003 and 0.001, respectively) [29]. Similar findings
were seen in a recent systematic review and meta-analysis of cohort studies, in which diets of the
highest quality, as assessed by the HEI, aHEI, and DASH (Dietary approach to stop hypertension)
score, resulted in a significant reduction in the incidence and mortality risk of cancer (relative risk,
0.85; 95% CI, 0.82 to 0.88) [30]. Few studies have examined the association between cancer risk and the
DQI-I, although a higher DQI-I score was shown to be associated with a reduced risk of other chronic
diseases, such as non-alcoholic fatty liver disease and diabetes, that may promote cancer risk [33,34].
We found that subjects with scores in the highest (vs. lowest) quartile of the HEI-2005, aHEI, and DQI-I
had 52% to 57% lower risks of NPC (p trend, <0.001 to 0.001); these findings are consistent with those
in other cancers in previous studies. Our results may provide new evidence for overall dietary quality
in the prevention of NPC. Further studies are needed to address whether the favorable association is
site specific, as null associations are likely to be observed in some hormone-related cancers, such as
endometrial cancer [31], ovarian cancer [32] and estrogen-receptor–positive breast cancer [20].
The beneficial effects of high-quality dietary scores may reflect the synergistic effects of diverse
foods and numerous nutrients characterized in higher vegetables, fruit, total grains, and nuts
consumption. Previous studies suggested that greater consumption of vegetables and fruit may
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lower the risk of NPC [11,35]. In the individual component analyses, we found significant inverse
associations between vegetables, fruit, fiber, and vitamin C components and the incidence of NPC
(Supplemental Table S3). Many ingredients of vegetables and fruit may contribute to a reduction in
NPC risk, including dietary fiber, antioxidants, and other phytochemicals [36]. Antioxidants, such
as vitamin A, C, and E and carotenoids, contribute to the prevention of nasopharyngeal oncogenesis
via regulation of the progress of cell differentiation and proliferation, reduction of oxidative DNA
fragmentation in nasal epithelial cells, and inhibition of the early antigen expression of the Epstein–Barr
virus [37–39]. Moreover, inflammation is a major feature in carcinogenesis, and the overexpression
of inflammation cytokine has been a promoter for NPC progression [40]. Higher diet quality scores
have been related to lower concentrations of inflammatory biomarkers, which may help prevent the
development of NPC [41].
Although the various dietary quality scores all emphasized greater intake of fruits and vegetables
and less intake of saturated fat, only the aMed showed no significant association with NPC in our
study, which is inconsistent with several reports in which the aMed showed an inverse relationship to
the risk of other cancers [26,42,43]. A partial reason for the null association may be the differences in
the numbers of score items and scoring criteria. The aMed has a much narrower possible score range,
and its significant components had relatively lower weight (Supplemental Table S3) compared to those
in the HEI-2005, aHEI, and DQI-I. Thus, the aMed score may not be able to finely discriminate dietary
healthfulness in terms of NPC risk in our population. In addition, Davis et al. [44] recently found that
the average nutrients and bioactive contents of the diet was relatively consistent in the food groups
among previous studies in which the Mediterranean diet showed a positive effect on chronic disease.
More studies are needed to confirm our findings with regard to NPC.
In gender-stratified analyses, the favorable association between the HEI-2005, aHEI, and DQI-I
scores and NPC remained significant in men but not in women, although no significant gender
interactions were observed (p interaction, 0.055 to 0.212, >0.05/4 tests). These differences might be
partly a result of genetic variations in NPC susceptibility, with almost twofold incidence in men than in
women and stronger acceleration of dietary risk factors on the relevant biomarkers of inflammation in
men [45,46]. Posteriorly, the relatively small sample size for women (case-control pairs, men vs. women:
448 vs. 152) might contribute to the gender differences.
Our study has several strengths. To our knowledge, this was the first study to systematically test
the associations between diet quality scores derived from various dietary guidelines and the risk of
NPC using a well-constructed FFQ with satisfactory reproducibility and validity [21]. The interviewers
were well-trained, and each interviewer surveyed the same proportion of patients and control subjects.
A 1:1 matched study was designed to minimize the influence of age, gender, and household types.
In addition, adjustments were made in the multivariate analysis for a number of potential covariates,
including socioeconomic status, body mass index, and some dietary factors (such as intake of preserved
vegetables and animal foods).
This study also has several limitations that should be considered. First, inverse causality could
not be fully excluded in a case-control study because the diet information was collected after the
diagnosis of NPC. To minimize this possibility, only new cases (within three months of diagnosis) were
included in our study, and both the patients and the control subjects were confined to those without a
substantial change in dietary habits over the previous five years. Moreover, patients were more likely to
change their dietary habits in a favorable direction, which might underestimate the protective effect of
dietary patterns. Second, recall bias of one’s habitual diet is unavoidable in retrospective data collection,
but differential report bias between patients and control subjects was unlikely to be present in this study
because NPC is considered to be a major genetic and virus-related cancer, and there was little public
awareness of a potential dietary influence except for salted or preserved foods. Finally, the patients
with NPC and the control subjects were recruited from two different hospitals, which might have
resulted in a selection bias. However, both hospitals were top-ranking specialized institutions with
comparable reputations and coverage areas. The distributions of the major demographic characteristics
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(for example, age and sex) in our study matched those in a population-based epidemiological survey
of NPC [47].
5. Conclusions
In summary, our results first suggest that the dietary patterns represented by the HEI-2005,
AHEI and DQI-I scores predict a lower risk of NPC in adults in southern China, especially in men.
Our findings provide evidence for adherence to the general dietary guidelines for the prevention of
NPC. We found no association between the aMED score and NPC, which differs from studies about
many other chronic diseases. Further prospective studies are merited to confirm our findings.
Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/8/3/112/s1,
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quartile of the individual components of the selected diet-quality scores.
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Abstract: We examined nutrition behaviour, self-reported health and 20 health complaints of
undergraduates in Finland. Students at the University of Turku in Finland participated in a
cross-sectional online survey (N = 1189). For nutrition behaviour, we computed two composite
food intake pattern scores (sweets, cakes and snacks; and fruits and vegetables), a dietary guideline
adherence index and the subjective importance of healthy eating. Multinomial logistic regression
assessed the association of students’ nutrition behaviour with three levels of self-reported health,
controlling for many potential confounders (age, sex, living with partner, economic situation,
moderate physical activity, Faculty and BMI). Factor analysis of the 20 health complaints revealed
three components (psychological, pains/aches and circulatory/breathing symptoms). Multiple linear
regression tested the association of students’ eating habits with the three components of health
complaints, controlling for the same confounders. Fruits and raw and cooked vegetable consumption,
dietary guideline adherence index and subjective importance of healthy eating were highest among
students with excellent/very good self-reported health, exhibiting a decreasing trend for those
individuals with poor/fair self-reported health. High levels of psychological symptoms were
associated with decreased consumption of fruits and vegetables, less dietary guideline adherence and
less subjective importance of healthy eating. Pain/aches symptoms were associated with a higher
consumption of sweets, cookies and snacks and a lower adherence to dietary guidelines. More healthy
nutrition behaviour was consistently associated with better self-reported health and less health
complaints. Of the four nutrition behaviour indicators we employed, the dietary guideline adherence
index was the best indicator and exhibited the most consistent associations with self-reported health
and health complaints.
Keywords: Finland; food intake; health complaints; gender; student health; eating healthy;
dietary guidelines adherence
1. Introduction
Healthy nutrition behaviour is an important component that is required to maintain health.
However, there is only limited research examining this relationship, as many studies focused on the
associations between nutrition behaviour/eating habits and disease (rather than health), e.g., [1–3].
As regards health, some research examined the associations between nutritional status and quality
of life; a population-based cohort study found that adherence to a Mediterranean diet (MD) pattern
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was associated with better health-related quality of life and that the association was stronger with
mental health than with physical health [4]. In addition, two systematic reviews on the associations
between nutritional status and quality of life concluded that few studies were available that explored
the relationships between nutrition and quality of life or health [5,6]. The scarcity of such research
on the links between nutrition habits and health is further demonstrated by an older review [5],
which found only three studies that reported a positive association between nutritional status and
quality of life. Whereas the more recent review [6] was based on a larger sample of published papers
(13 relevant studies), unfortunately, the authors only evaluated the tools (questionnaires) that were
used to determine the association between dietary habits and quality of life, and therefore, no results
on the links between nutrition behaviour and health were presented.
Such a paucity of research on the relationships between nutrition behaviour and health exists
despite that the health behaviour patterns throughout life are largely established in the young
adulthood period and that certain foods/nutrients can moderately influence several health outcomes.
In France, compliance with nutrition guidelines was positively associated with mental health [7].
Similarly, in Chile, the importance of healthy eating was one of five factors that characterised
the students according to their different eating habits and explained the greater satisfaction with
life [8]. Students with higher levels of life satisfaction and satisfaction with food-related life reported
fewer health problems, had healthful eating habits and considered food very important for their
well-being [9].
In addition to the general scarcity of studies globally on the links between nutrition behaviour
and health, very few studies on eating habits have been undertaken in Finland among university
students and across a range of food groups in order to examine the multiple aspects of healthy
eating behaviours, adherence to dietary guidelines, subjective importance of healthy eating and
their two-pronged relationships to: (1) health features (e.g., self-reported health); and (2) unhealthy
symptoms (e.g., health complaints). Some dietary research in Finland was population based [10],
among adolescents [11] and elementary school pupils [12], or explored the intake of isolated food
groups, e.g., daily vegetables [10] or bread [13]. Hence, Finnish studies on students’ nutrition behaviour
and adherence to dietary guidelines are extremely lacking. The present study bridges these knowledge
gaps, thus attaching high importance to the findings of the current research.
Several approaches are employed in order to estimate healthy nutrition behaviour/eating habits,
particularly when examining many food groups rather than isolated individual foods. In a simple
manner, the extent of consumption of the different kinds of healthy food groups (e.g., fruits and
vegetables) has been used to estimate healthy nutrition behaviour [14–16]. Conversely, an alternative
approach assessed healthy nutrition behaviour by the extent of omission (non-consumption) of
the less healthy foods (e.g., sweets and snacks) [17–19]. In addition, the appraisal of the extent of
compliance/adherence with general nutritional guidelines allows an overall view of healthy nutrition
behaviour [7,15,18]. Likewise, studies [8] have shown that an individual’s own perception of the
importance of healthy eating is critical with regards to a healthy life style; and research has similarly
employed such subjective importance of healthy nutrition behaviour in examining the links between
food and mood [15,18].
University students are the future of families, communities and countries and are an important
population of young adults that face the challenges of, e.g., trying to achieve academic success despite
financial constraints, and stressors that include personal expectations, peer competition, having to
attain good grades or fear of failing/repeating their course. They are expected to be competitive, and
the university period is one of responsibility for choices and lifestyle practices, where students are
exposed to the challenges of young adulthood and also tackle the mental and social issues of student
life. They confront changes in living conditions and (health promoting/damaging) adjustments to
lifestyle and the environment, where a key concern is the food consumption patterns and associated
nutritional risks specific to college students.
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Given the knowledge gaps highlighted above, the aim of the current analysis is to assess the
different aspects of healthy eating behaviours on health features (self-reported health) and unhealthy
symptoms (health complaints). We assessed students’ two food intake pattern scores (health and
unhealthy food groups), a dietary guidelines adherence index and the objective importance of healthy
eating and their relationships with self-reported health and three groups of health complaints.
2. Methods
2.1. Sample, Ethics and Procedures
The research and ethics committee at the University of Turku in Turku, Finland, approved the
study. Data were collected using a secure online survey in the English language (academic year
2013–2014). An invitation email with the research aims and objectives was sent in September 2013
to all (n = 4387) first, second and third year undergraduates at all faculties at the University, inviting
students to participate by completing the online survey. We employed universal sampling, where all
students were invited to participate in the study, with no inclusion/exclusion criteria. Participation
was voluntary and anonymous, and data were confidential and protected. Students received contact
information in case they had questions and were informed that by completing the survey, they agree
to participate in the study. Two weeks later, a follow-up reminder email was sent again to the same
undergraduate sample. Respondents completed the online survey and submitted their electronic
responses that were automatically saved and sent to the Student Management Office at the University
of Turku. The total number of responses was 1189 (response rate: 27.1%). For the current analysis,
we excluded participants with missing data in nutrition intake and health complaints, reducing
the number to 1027 students; 302 males (29.4%) and 725 females (70.6%). Participating students
were enrolled at the seven faculties of the University: Humanity (31.3%), Mathematics and Natural
Science (21.2%), Medicine (12.8%), Law (6.5%), Social Science (8.4%), Education (8.1%) and Economics
(12.0%). The questionnaire collected general self-reported health data: socio-demographic information
(gender, age, year of study, Faculty, living arrangements during university terms); lifestyle behaviours
and a short food frequency questionnaire; the questionnaire has been used and field-tested across
many student populations [20–22].
2.2. Questionnaire
Self-reported health was assessed with the question “How would you describe your general
health” Responses were coded in a five-point scale from excellent to poor. For the analysis,
three categories were built: (1) excellent and very good; (2) good; (3) fair and poor.
Assessment of self-reported health complaints (22 items): Students were asked how often they
have had health complaints in the last year. Responses were coded in a four-point scale from never
to very often. The following symptoms were asked about: depressive mode, nervousness/anxiety,
mood swings, difficulties to concentrate, fear/phobia, sleep disorders/insomnia, nightmares, fatigue,
lack of appetite, stomach trouble/heartburn, abdominal problems, neck and shoulder pain, back pain,
diarrhoea, constipation, headaches, trembling hands, trembling, rapid heartbeat/circulatory problems,
breathing difficulties, weight gain/weight loss and speech impediment. The last two symptoms were
dropped from further analysis, because of unclear precision (weight gain/weight loss) and too many
missing responses (e.g., item on speech impediment). Given the result from the factor analysis, three
components were developed with nine variables for psychosomatic complaints (Cronbach’s alpha
= 0.86), seven variables for pain and aches (Cronbach’s alpha = 0.73) and, finally, four variables for
cardiovascular symptoms (Cronbach’s alpha = 0.74).
Assessment of food consumption habits (12 items): Students self-reported their nutritional
behaviour in a food frequency questionnaire (FFQ) comprising 12 variables that measured their
consumption of sweets, cakes/cookies, snacks and fast/canned food, fresh fruits, raw and cooked
vegetables and salads, meat and fish, milk products and cereals. The introductory question, “How often
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do you eat the following foods?” queried students about the frequency of their usual consumption of
each food group individually (5-point scale: “several times a day”, “daily”, “several times a week”,
“1–4 times a month” and “never”). The question was asked generally to get information about the
food consumption during a whole year. The instrument was based on pre-existing food frequency
questionnaires, adapted for the study. Both the face and content validity of the instrument were
ascertained by grounding the questionnaire on a literature review. No formal test of validity was
performed, but the questionnaire was very similar to other food frequency questionnaires that had
been validated, e.g., [23,24]. For descriptive purposes, the categories “several times a week” and
“daily” were collapsed together. Then, in order to bring together (bundle) each of the healthy and less
healthy food groups, two composite food intake pattern scores were developed (a posteriori-derived).
The first was for the less healthy options, sweets, cake/cookies and snacks, where their relevant 5-point
scales (see above) were added (summed up); and the second food intake pattern score was for the
healthier options, fruits, raw and cooked vegetables, where their relevant 5-point scales were added
(summed up).
The dietary guideline adherence index was computed using the FFQ. For sweets,
cake/cookies, snacks, fast food/canned food and lemonade/soft drinks, no specific guidelines
exist; hence, we employed “1–4 times a month” and “never”, as recommended. To consider all
sweets, cake/cookies and snacks together, we used the above composite food intake pattern score
(sweets, cookies and snacks score), and healthy eating was considered present if this score was ď6
corresponding, to 3-times the intake of these items of “less often than 1–4 times a month”. Each of the
fast food/canned food and lemonade/soft drinks were included as individual items in computing
the objective guideline adherence index. For the remaining food groups, we used the WHO dietary
guidelines recommendations for the European region [25]. Consequently, for the number of daily fruit,
raw and cooked vegetable servings, the cut-off was “daily” or “several times a day”. For meat, the
cut-off was “less than daily”; and for fish, “several times per week” was the cut-off. Milk and cereals
were not included in the computing of the dietary guideline adherence index, as the information about
milk and cereals was generally too unspecific in order to categorize as healthy or unhealthy nutrition.
The dietary guideline adherence index has a maximum of 8 points (8 guidelines) calculated from 8 food
group recommendations: (1) sweets, cookies, snacks; (2) fast food/canned food; (3) lemonade/soft
drinks; (4) fruits; (5) salad, raw vegetables; (6) cooked vegetables; (7) meat; and (8) fish.
Importance of eating healthy (1 item): “How important is for you to eat healthy?” on a 5-point
scale (1 = “Not at all important” to 5 = “very important”).
Socio-demographic and lifestyle variables (potential confounders): Due to their possible
associations with eating behaviour, other variables employed in the analysis (potential confounders
that were controlled for in the regression analysis) included: (1) age; (2) gender; (3) economic
situation (“How sufficient is your income?”, coded into sufficient vs. not sufficient); (4) living
situation/arrangements during university terms (“Where do you live during university term time?”,
coded into living with partner vs. not living with partner); (5) moderate physical activity (PA) (“On how
many of the past 7 days did you participate in moderate exercise for at least 30 minutes?”); participants
answered with 0–7 days; we used a cut-off of ě5 days/week as adherence to PA guidelines [26];
and, (6) BMI was calculated (kg/m2) and categorized into underweight (BMI < 18.5 kg/m2), normal
weight (18.5–25 kg/m2) and overweight (>25 kg/m2) [27]. The overweight category also included the
obese students (BMI > 30 kg/2). In addition, Faculty was also included as a potential confounder.
2.3. Statistical Analysis
Analysis was conducted in SAS Version 9.4 (SAS Institute, Cary, NC, USA) (p < 0.05).
Factor analysis was employed in order to reduce the scale of health complaints to the main factors.
Due to similar studies [17,22] and to facilitate the interpretation of the findings, a three-factor solution
was selected with good factor loadings. The associations between food pattern and self-reported health
were analysed using multinomial logistic regression, employing students who rated their health as
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excellent or very good as the reference group. Analyses were adjusted for age, sex, living situation,
economic situation, moderate physical activity, faculty and BMI. The associations between food pattern
and three different health complaints’ scores were analysed employing multiple linear regression
models. Standardized beta-coefficients were additionally presented in order to allow the comparison
of results between the three different health complaint scores. Data were also adjusted for age,
sex, living situation, economic situation, moderate PA, faculty and BMI. Model assumptions were
graphically tested and were fulfilled for the psychological complaint score and also for the pains/aches
complaint score, but not for the circulatory/breathing complaint score (residuals were not normally
distributed). Hence, the multiple linear regression analysis with the outcome of circulatory/breathing
complaints results should therefore be interpreted with caution.
3. Results
Table 1 shows the socio-demographic characteristics and intake of 12 food groups for the whole
sample and by gender. For both genders, the age ranged from 17–65 years (median = 21 years).
Less than a third of students lived with their partners, and «40% felt they had sufficient money.
Thirteen percent of women and 30% of men were overweight (BMI > 25 kg/m2). Both genders rarely
ate sweets, cakes and cookies, did not commonly eat fast food and did not drink soft drinks on a daily
basis. Both genders ate fruits and vegetables regularly (daily/several times a day).
Table 1. Socio-demographic and lifestyle characteristics and intake of 12 food groups by gender among
undergraduates, University of Turku, Finland, 2013–2014.
Males Females
p **N (%) N (%)
302 (29.4) 725 (70.6)
Age group (years) 0.04
<20 78 (25.8) 232 (32.0)
20–25 183 (60.6) 376 (51.9)
ě25 41 (13.6) 116 (16.0)
Living situation 0.02
Living with partner 71 (23.7) 220 (30.5)
Economic situation 0.41
Always/mostly sufficient 120 (40.3) 309 (43.1)
Moderate physical activity 0.64
Adherence to guideline 45 (15.0) 116 (16.1)
BMI (reported) <0.0001
Underweight (ď18.5 kg/m2) 10 (3.3) 49 (6.8)
Normal (18.5–25 kg/m2) 201 (65.6) 581 (80.1)
Overweight (>25 kg/m2) 91 (30.1) 95 (13.1)
Food frequency
questionnaire (FFQ) *
Sweets 7 (2.3) 58 (8.0) 0.0007
Cake, cookies 1 (0.3) 11 (1.5) 0.11
Snacks 1 (0.3) 4 (0.5) 0.64
Fresh fruits 108 (35.8) 429 (59.1) <0.0001
Salad, raw vegetables 173 (57.3) 525 (72.4) <0.0001
Cooked vegetables 60 (19.9) 233 (32.1) <0.0001
Fast food, canned food 3 (1.0) 1 (0.1) <0.0001
Lemonade, soft drinks 19 (6.3) 21 (2.9) 0.01
Meat, sausages 165 (54.6) 215 (29.6) <0.0001
Fish, sea food 19 (6.3) 15 (2.1) 0.0006
Milk, milk products 232 (76.8) 560 (77.2) 0.88
Cereals, cereal products 133 (44.0) 429 (59.2) <0.0001
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Table 1. Cont.
Self-reported health 0.001
Excellent/very good 178 (58.9) 330 (52.4)
Good 94 (31.1) 303 (41.8)
Fair/poor 30 (9.9) 42 (5.7)
Faculty <0.0001
Humanity 61 (20.3) 257 (35.7)
Mathematics Natural Science 95 (31.5) 120 (16.7)
Medicine 50 (16.6) 86 (12.0)
Law 8 (2.7) 54 (7.5)
Social Science 24 (7.8) 63 (8.8)
Education 15 (5.0) 65 (9.0)
Economics 48 (16.0) 74 (10.3)
* Percentages calculated for intake of “several times per day” or “daily”; ** chi-square test.
Table 2 depicts the factor analysis of students’ health complaints into three components and
their factor loadings. The first component included psychological symptoms, e.g., depressive mood,
nervousness/anxiety, mood swings, difficulties to concentrate, fear/phobia, sleep disorders/insomnia,
nightmares, fatigue and lack of appetite. The second component comprised pain and ache
symptoms, e.g., stomach trouble/heartburn, abdominal problems, neck and shoulder pain,
back pain, diarrhoea, constipation and headaches. Finally, the third component encompassed
circulatory/breathing symptoms, e.g., trembling hands, trembling, rapid heartbeat/circulatory
problems and breathing difficulties.

















Lack of appetite 0.41
Stomach trouble/heartburn 0.62
Abdominal problems 0.55







Rapid heartbeat/circulatory problems 0.51
Breathing difficulties 0.38
Note: Varimax rotation.
Table 3 depicts students’ health complaints, two food intake pattern scores, dietary guideline
adherence index and the subjective importance of healthy eating by gender and by self-reported
health categories. Women reported more health complaints than men and also ate more sweets,
cookies, snacks and more fruits and vegetables than men. Additionally, women adhered more often
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to dietary guidelines and regarded healthy eating as important more than men. The three health
complaint scores (psychological, pains/aches, and circulatory/breathing symptoms) were worse
(i.e., higher scores) for students who reported worse self-reported health, exhibiting a distinct and
consistent stepladder appearance. Students’ consumption of sweets, cookies and snacks did not differ
by the self-reported health categories. In contrast, fruits and raw and cooked vegetable consumption,
dietary guideline adherence index, as well as the subjective importance of healthy eating were highest
among students who reported excellent/very good self-reported health and exhibited in all three
scores a decreasing trend (stepladder appearance) compared to those individuals with poor/fair
self-reported health.
The association between healthy eating habits and self-reported health is shown in the
multinomial logistic regression model adjusted for many potential confounders (Table 4). The sweets,
cookies and snack score was not associated with self-reported health. High fruit and vegetables
consumption, good dietary guideline adherence and subjective importance of health eating were all
less strongly associated with poor/fair self-reported health and increased in a linear manner with
better self-reported health. This trend was most pronounced with the subjective importance of healthy
eating, followed by fruits and vegetable consumption. The trend was less pronounced with the dietary
guideline adherence.
Table 3. Health complaints and eating habits of undergraduates by gender and self-reported health,













M(SD) M(SD) M(SD) M(SD) M(SD)
Health complaints
Psychological symptoms score *1 16.39(5.18) 19.74(5.28) 16.77(4.57) 20.43(5.26) 24.82(5.50)
Pains/aches symptoms score *2 12.86(3.03) 15.81(3.52) 13.73(3.34) 16.21(3.54) 17.36(3.82)
Circulatory/breathing symptoms
score *3 5.58(1.97) 6.12(2.22) 5.34(1.68) 6.45(2.26) 7.96(2.91)
Food intake pattern score
Sweets, cookies, and snacks ** 6.32(1.27) 6.66(1.17) 6.52(1.21) 6.64(1.21) 6.44(1.19)
Fruit, and raw and cooked
vegetable ** 9.49(1.93) 10.74(1.93) 10.61(1.97) 10.21(1.91) 9.42(2.45)
Dietary guideline adherence
index : 4.03(1.68) 4.93(1.63) 4.81(1.68) 4.59(1.66) 3.94(1.86)
Subjective importance of healthy
eating :: 3.78(0.92) 4.10(0.77) 4.16(0.78) 3.88(0.82) 3.56(0.98)
M: mean; SD: standard deviation; *1 range: 4–36, higher values correspond to more perceived psychological
symptoms; *2 range: 4–28, higher values correspond to more perceived pains/aches symptoms; *3 range: 4–16,
higher values correspond to more perceived cardiovascular/breathing symptoms; ** range: 3–15, each score
increases as more is eaten; : range: 1–8, each point increase represents an additional food group that shows
adherence to dietary guidelines; :: range: 1–5, higher values indicate higher importance.
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Table 4. Multinomial logistic regression of nutrition behaviours on self-reported health among
undergraduates by gender, University of Turku, Finland, 2013–2014.
Self-Reported Health
Excellent/Very Good Good Fair/Poor
OR OR (95% CI) OR (95% CI)
Food intake pattern score
Sweets, cookies, and snacks 1 (reference) 1.03 (0.92–1.15) 0.91 (0.73–1.13)
Fruits, and raw and cooked vegetables 1 (reference) 0.92 (0.85–0.99) 0.80 (0.70–0.92)
Dietary guideline adherence index 1 (reference) 0.94 (0.86–1.01) 0.82 (0.70–0.96)
Subjective importance of healthy eating 1 (reference) 0.69 (0.57–0.82) 0.51 (0.38–0.69)
OR: odds ratio; CI: confidence interval; models adjusted for age, sex, living with partner, economic situation,
moderate physical activity, faculty and BMI; bolded cells indicate statistical significance (p < 0.05).
Table 5 shows the association between healthy eating habits and health complaints. In this multiple
linear regression model (adjusted for age, sex, living with partner, economic situation, moderate
physical activity, Faculty and BMI), high levels of psychological symptoms were associated with
decreased consumption of fruits and vegetables, less dietary guideline adherence and less subjective
importance of healthy eating. Pain/aches symptoms were associated with a higher consumption of
sweets, cookies and snacks and a lower adherence to dietary guidelines. Finally, circulatory/breathing
symptoms were not explained well by this multiple linear regression model on eating habits, as the
model fit was poor; despite this, we observed that students with circulatory/breathing symptoms less
often viewed healthy eating as important and also adhered to dietary guidelines less often.
Table 6 summarises the utility of employing such different nutritional behaviour
(variables) indicators for health (different levels of self-reported health) and “unhealthy”
(i.e., different health complaints).
Table 5. Multiple linear regression of nutrition behaviours on health complaints among undergraduates
by gender, University of Turku, Finland, 2013–2014.
Health Complaints
Psychological Pains/Aches Circulatory/Breathing
Std-ß β (95% CI) Std-ß β (95% CI) Std-ß β (95% CI)
Food intake pattern score
Sweets, cookies, snacks 0.02 0.08 (´0.18; 0.34) 0.10 0.30 (0.12; 0.47) 0.03 0.05 (´0.06; 0.16)
Fruits, raw and cooked vegetables ´0.05 ´0.13 (´0.30; 0.04) 0.01 0.01 (´0.09; 0.13) ´0.04 ´0.04 (´0.10; 0.03)
Dietary guideline adherence index ´0.06 ´0.20 (´0.40; ´0.01) ´0.09 ´0.20 (´0.33; ´0.06) ´0.03 ´0.04 (´0.12; 0.04)
Subjective importance of healthy eating ´0.08 ´0.50 (´0.89; ´0.11) ´0.01 ´0.04 (´0.30; 0.23) ´0.07 ´0.19 (´0.35; ´0.02)
Std-ß: standardized beta coefficient; ß: beta coefficient; CI: confidence interval; models adjusted for age,
sex, living with partner, economic situation, moderate physical activity, faculty and BMI; bolded cells indicate
statistical significance (p < 0.05).
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Table 6. Utility of different nutritional behaviour indicators for different levels of self-reported health









Food intake pattern score
Sweets, cookies and snacks No No No Yes No
Fruits, and raw and cooked
vegetables Yes Yes No No No
Dietary guideline adherence
index No Yes Yes Yes No
Subjective importance of
healthy eating Yes Yes Yes No Yes
* As compared to “excellent/very good” self-reported health.
4. Discussion
We observed that less healthy nutrition behaviour was consistently associated with worse
self-reported health and more health complaints. Of the four nutrition behaviour indicators we
employed, the dietary guideline adherence index revealed the most consistent association with
self-reported health and more health complaints. For a better understanding, self-reported health and
health complaints are discussed separately.
4.1. Nutritional Behaviour Indicators and Self-Reported Health
For the aspects of self-reported health, we observed that two nutrition behaviour indicators
(fruits, and raw and cooked vegetables intake score and subjective importance of healthy eating) were
more sensitive to various levels of self-reported health than the dietary guideline adherence index,
a point to note for nutrition intervention programs in selecting appropriate indicators in order to
track their success. In addition to the above, we observed that the sweets, cookies and snacks score
(unhealthy food score) was not associated with self-reported health. This finding suggested: (1) such
an unhealthy food score might not be suitable for nutrition campaigns that tackle the composition
of unhealthy foods and simultaneously use self-reported health as a measure to trace their own
progress; and (2) individuals seem not to view sweets, cookie and snack consumption as having
much to do with their health, a very erroneous point that needs to be addressed by health nutrition
intervention initiatives.
Despite the difficulty of locating published studies that are directly comparable to the current
research, our findings that, generally, better nutritional behaviour was associated with better
(excellent/very good) self-reported health agree with parallel literature. At the population level,
in Spain, adherence to the Mediterranean diet (MD) was associated with a higher self-perceived
health score [28]; and across university students in 21 countries, a healthful diet was positively
related to greater life satisfaction [29]. Likewise, we found that only the consumption of fruits and
raw and cooked vegetables (as opposed to sweets, cookies and snacks) were associated with better
(excellent/very good) self-reported health, in support of the fact that life satisfaction was positively
associated with eating fruit in students aged 17–30 [29]; and in agreement with university students in
Chile, where only fruit consumption was linked to a higher satisfaction with life [9]. Similarly, on the
population level, in Italy, adherence to an MD pattern (primarily plant-based foods, e.g., fruits and
vegetables) was associated with better health-related quality of life, which is the subjective evaluation
of one’s own health (i.e., self-reported health) and well-being [4,30].
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4.2. Nutritional Behaviour Indicators and Health Complaints
In terms of the different health complaints, we observed selectivity in the associations between
nutrition behaviour (different food groups) and different health complaints. Hence, the consumption
of more fruits and raw and cooked vegetables was more associated with less psychological health
complaints; whereas conversely, regularly eating sweets, cookies and snacks was more associated with
more pains and aches symptoms. These selectivity findings suggested direct implications for prevention
programs among university student populations. Strategies and policies aimed at promoting healthy
nutrition behaviours (food) are likely to simultaneously have beneficial effects on mental health
(mood). Likewise, regularly eating fruits and raw and cooked vegetables was associated with better
psychological health. Because of the cross-sectional design of the current study, we are unable to make
solid conclusions about the direction of any of the associations we observed. The relationships could
also be bi-directional; whether worse psychological health influences eating less fruits and vegetables
or more pain and aches influences consuming more sweets, snacks and cookies; or conversely,
does nutrition behaviour influence health complains? In our opinion, it might be more plausible
that nutrition behaviour is influenced by health complaints. Further research would help with
understanding these relationships.
Our finding that consumption of more fruits and raw and cooked vegetables was more associated
with less psychological health complaints supports other research. At the level of adolescents, in Greece,
good adherence to the MD (better diet quality) was associated with better psychological health [31];
and for university graduates, in Spain, multivariate-adjusted models revealed a significant direct
association between MD adherence (high in fruits/vegetables) and most mental health domains
(vitality, social functioning and role emotional) [32]. Our finding also agrees with the inverse
relationship between fruits and vegetable consumption and psychological health (e.g., perceived stress
and depressive symptoms) demonstrated across university students of both genders in the United
Kingdom [17], among female undergraduates in Germany, Poland and Bulgaria [33] and among college
students in China [34].
Another feature of selectivity in terms of the relationships between nutrition behaviour and
health complaints) was between the different health complaints and the various nutrition behaviour
indicators. Psychological health complaints were more consistently associated with three of the four
nutrition behaviour indicators; as opposed to the pains/aches complaints and the circulatory/breathing
complaints, where each was associated with only two of the nutrition behaviour indicators we used.
Hence mood (psychological symptoms) might be more sensitive to healthy nutrition behaviour
indicators than other health complaints and would be better employed as an outcome measure
to calibrate the effectiveness of prevention polices and nutritional (food) campaigns that foster
healthful eating in university populations. Future research would assist in uncovering the details of
these associations.
A further aspect of selectivity in terms of the aspects of health complaints was between the
various indicators we employed and the different health complaints. Of the four indicators that were
employed, the dietary guideline adherence index exhibited the most sensitivity to health complaints
(associated with all three different groups of health complaints that were examined). This was followed
by the subjective importance of healthy eating indicator (associated with only two of the three groups
of health complaints). The least sensitive indicators were the food intake pattern scores, where each
was only associated with only one of the three groups of health complaints. Such findings suggested
that: (1) dietary guideline adherence indices or similar measures would be more preferable over
other nutrition behaviour indicators when examining the relationships between food and health
complaints/symptoms; (2) using individual food groups in isolation (e.g., either “healthy” and
“unhealthy” food intake pattern scores) might be unhelpful when examining the relationships between
food and health complaints; and (3) for prevention strategies/intervention programs that target
students’ psychosomatic complaints and self-reported symptoms, highlighting the importance of
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adhering to nutritional guidelines and recommendations should be an important component of such
efforts. Future research would assist in unearthing more features of these associations.
The paucity of research of such relationships rendered it challenging to compare our findings
to other published work. However, our finding of the sensitivity of the dietary guideline adherence
index supports some of the studies across the globe that used adherence levels to a particular diet
(e.g., MD) [4,7,27,31], compliance with international nutritional guidelines [15,18] or the adequacy
in following national nutritional recommendations [35] when examining the relationships between
nutrition behaviour and a variety of outcomes. Nevertheless, whilst most of these studies used only
an adherence index (perhaps blindly or for convenience), the current study undertook the arduous
task of employing four different nutritional behaviour indicators to explore their utility in research
and practice, as highlighted in Table 6.
This study has some limitations. We undertook the study at one university in Finland, and
the response rate was not very high; hence, generalizations need to be cautious. Self-reports are
prone to sociability/social desirability with the implication that the current findings could represent
an underestimation of less healthy nutritional habits (e.g., sweets, cakes and cookies); no objective
food consumption was undertaken; self-reporting was used to estimate the frequency of symptoms,
and clinical validations were not undertaken. For some food groups, we did not assess serving
sizes. As this survey was cross-sectional, the direction of the association (temporal relationship)
between food intake and health complaints cannot be ascertained. Students with higher health
complaints, worse self-reported health, or those with more unhealthy patterns of eating might
have chosen not to participate in the study, and selection bias cannot be ruled out. Therefore, the
reported prevalence of symptoms in the current study may under-estimate the true morbidity in
this population. It would have also been useful to assess whether any systematic differences existed
between students who participated in the survey and those who did, but we were unable to undertake
this task, as we had no data about those who did not participate in the survey. We did not control
for participants’ co-morbidities that could affect subjects’ health practices and dietary behaviour.
However, university populations traditionally represent young and healthy adults with minimal
comorbidities. Future research should consider such limitations. Despite these limitations, the current
research also has strengths. For data collection, our sample comprised students across seven faculties
and many scientific disciplines. The sample comprised more females than males (a reality at higher
education institutions across the globe), which could be associated with an increased likelihood of
social desirability; hence, we analysed the relationships controlling for gender and other confounders
to avoid potential confounding gender effects. For the analysis, we used WHO dietary guidelines
that are appropriate for Finland. Recommendations for Nordic countries, as well as the recent Baltic
Sea diet do exist [36,37], but they differ from WHO recommendations only in terms of food items
within food groups (e.g., fruit and vegetables found in Nordic countries are different than the ones
recommended by the Mediterranean diet), but not in terms of portions and frequency. There were
very few missing values in the students’ responses (most students answered all of the food frequency
questions), thus avoiding any potential effects of missing values on the observed adherence estimates
and associations. No previous studies in Finland of university students undertook such tasks of the
links between eating habits, diet quality and dietary guidelines adherence and health complaints.
5. Conclusions
Despite the scarce research available, in the current study, healthier nutrition behaviour was
consistently associated with better self-reported health and less health complaints. Of the four
nutrition behaviour indicators we employed, the dietary guideline adherence index was the best
indicator and exhibited the most consistent associations with self-reported health and more health
complaints. Prevention and intervention efforts that aim at improving awareness and compliance with
dietary guidelines might also be associated with decreased health complaints and improved health of
university students.
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Abstract: There is limited evidence on the association between adherence to guidelines for cancer
survivors and health-related quality of life (HRQoL). In a cross-sectional study of Korean breast
cancer survivors, we examined whether adherence to the guidelines of the American Cancer Society
(ACS) and World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) for
cancer survivors was related to levels of HRQoL, assessed by the Korean version of Core 30 (C30)
and Breast cancer module 23 (BR23) of the European Organization for Research and Treatment of
Cancer-Quality of Life Questionnaire (EORTC-QLQ). We included a total of 160 women aged 21 to
79 years who had been diagnosed with breast cancer according to American Joint Committee on
Cancer (AJCC) stages I to III and had breast cancer surgery at least six months before the interview.
Increasing adherence to ACS guidelines was associated with higher scores of social functioning (p for
trend = 0.05), whereas increasing adherence to WCRF/AICR recommendations was associated with
higher scores of arm symptoms (p for trend = 0.01). These associations were limited to those with
stage II or III cancer. Diet may be an important factor in relation to quality of life among Korean breast
cancer survivors, however our findings warrant further prospective studies to evaluate whether
healthy diet improves survivors’ quality of life.
Keywords: breast cancer survivors; cancer survivor guidelines; health-related quality of life
1. Introduction
Breast cancer is the most frequent cancer among women worldwide [1]; nonetheless, early detection
and advances in breast cancer treatment have continued to contribute to a decline in breast cancer
mortality [2,3]. In Korea, the age-standardized incidence rate of breast cancer was 10.7 per 100,000
in 1999, which increased to 22.6 per 100,000 in 2012, with a 6.0% average annual percentage change
and becoming the second most commonly diagnosed cancer among women [4]. From 2008 to 2012,
the five-year survival rate of breast cancer patients was 91.3% [4]. This dramatic increase in breast cancer
incidence and the high survival rate among Korean breast cancer patients indicates the importance of
health-related quality of life (HRQoL) and its relationship with lifestyle, including diet and exercise [5].
Evidence regarding how breast cancer survivors try to improve their prognosis is limited to date.
In 2007, the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR)
advised that cancer survivors should follow recommendations for cancer prevention [6]. For breast
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cancer survivors, in 2014, the Continuous Update Project of the World Cancer Research Fund concluded
that there was limited evidence for the specific recommendations for breast cancer survivors and its
advice was to follow WCRF/AICR cancer prevention recommendations [7]. In 2012, the American
Cancer Society (ACS) released “Nutrition and Physical Activity Guidelines for Cancer Survivors”,
providing guidelines on body weight, physical activity and diet, in which the dietary guideline was
based on the ACS guidelines for the prevention of cancer [8].
A recent review of epidemiological studies on breast cancer survivorship reported that
high body fat and most likely low physical activity increase the risk of breast cancer
mortality; however, the association of dietary factors with cancer survivorship was unclear [9].
Several prospective cohort studies have suggested the potential link between adherence to guidelines
for cancer prevention and breast cancer incidence among the cancer-free population [10–14]. However,
only a few studies have explored whether adherence to these guidelines improves quality of life or
prognosis among breast cancer survivors. The ACS’s Study of Cancer Survivors-II showed that cancer
survivors, including breast cancer survivors, who followed the recommendations for physical activity,
fruit and vegetable consumption and smoking, had significantly higher HRQoL scores [15]. For cancer
survivors in general, some studies reported that adherence to WCRF/AICR guidelines for cancer
prevention was associated with a lower risk of death [16] and higher levels of HRQoL [17] among
female cancer survivors.
Although healthy lifestyle may benefit Korean breast cancer survivors, evidence is limited.
Therefore, we examined whether adherence to lifestyle behavior recommendations was associated
with HRQoL levels among Korean breast cancer survivors.
2. Materials and Methods
2.1. Study Population
Study participants who had been diagnosed with breast cancer according to the American Joint
Committee on Cancer (AJCC) Cancer Staging Manual were enrolled at University Hospital in Seoul
between September 2012 and July 2014. Two-hundred and nineteen women aged 21 to 79 years
signed an informed consent form. We included participants who had been diagnosed with invasive
primary breast cancer at AJCC stages I to III and had breast cancer surgery at least 6 months before the
interview. We excluded the following respondents: women who had breast cancer surgery less than 6
months before the interview (n = 9), women who had been diagnosed with stage 0 breast cancer (n = 6),
women who had metastasis (n = 14), women who had been diagnosed with other cancers before the
interview of our study (n = 16), of whom medical records were missing (n = 17) or women who did not
appropriately complete dietary records (n = 5). As a result, a total of 160 women were eligible for this
study. The institutional review board at Seoul National University Hospital, Seoul, Korea, approved
this study.
2.2. Data Collection
Participants were surveyed by well-trained nurses using a structured questionnaire. Data on
height and weight, socio-demographic status, smoking status, alcohol intake, physical activity, HRQoL,
reproductive history, and use of dietary supplements were collected. Clinical features including T
stage (tumor), N stage (node), M stage (metastasis), and hormone receptor status were obtained from
hospital medical records. The participants recorded their food intake for 2 weekdays and 1 weekend
day. Body mass index was calculated as weight (kg) divided by the square of height (m2). We obtained
information about the duration and frequency of post-diagnosis physical activity and calculated the
scores for metabolic equivalent task (MET) hours per week by multiplying the hours per week engaged
in that activity by the activity’s corresponding MET value [18,19]. The scores of MET-hours per week
for each activity were summed to calculate a total MET-hours per week score. We calculated the energy
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and nutrient intake of the participants using the Computer-Aided Nutritional Analysis Program
(CAN-Pro) 4.0 (Korean Nutrition Information Center, Seoul, Korea).
2.3. Operationalization of ACS Guidelines
The ACS guidelines for cancer survivors are as follows: (1) achieving and maintaining a healthy
body weight; (2) adopting regular physical activity; and (3) achieving a dietary pattern that is high
in vegetables, fruits, and whole grains [8]. The scoring criteria of the ACS guidelines are presented
in Table 1. For BMI classification of the Asia-Pacific region [20], we assigned 0, 1 and 2 to <18.5 or
>25, 23 to 25, and 18.5 to 22.9 kg/m2 of BMI, respectively. We grouped participants into three groups
based on tertiles of adherence levels for physical activity (MET-hour/week), fruit and vegetable intake
(g/day), proportion of whole grain to total grain intake (%), and red and processed meat intake (g/day).
The highest adherence levels were given a score of 2, middle levels were given a score of 1, and the
lowest levels were given a score of 0. Because the third guideline includes three sub-guidelines, in order
to treat the three guidelines the same, we regrouped the participants into three categories of 0, 1, and 2
based on tertiles of the sum of the three adherence scores of the sub-guidelines. We calculated the
overall adherence scores by summing the three scores of adherence to the ACS guidelines (range 0–6).







If overweight or obese, limit consumption of
high-calorie foods and beverages and increase




<18.5 or >25 0
2. Engage in regular
physical activity.
Avoid inactivity and return to normal daily activities
as soon as possible following diagnosis. Aim to
exercise at least 150 min per week. Include strength
training exercises at least 2 days per week.
METs (h/week)
Tertile 3 (>40.3) 2
Tertile 2 (19.6–43.3) 1
Tertile 1 (<19.6) 0
3. Achieve a dietary
pattern that is high
in vegetables, fruits,
and whole grains.
(3a) Eat 5 or more servings of a variety of
vegetables and fruits each day.
Fruits and vegetables
intake (g/day)
Tertile 3 (>659.2) 2
Tertiles High 2
Middle 1 Low 0
Tertile 2 (443.1–659.2) 1
Tertile 1 (<443.1) 0





Tertile 3 (90–100) 2
Tertile 2 (64.3–90) 1
Tertile 1 (0–64.3) 0




Tertile 1 (<5) 2
Tertile 2 (5–60.7) 1
Tertile 3 (>60.7) 0
Abbreviations: ACS, American Cancer Society; BMI, Body Mass Index; MET, metabolic equivalent task.
2.4. Operationalization of WCRF/AICR Recommendations
The WCRF/AICR has released 10 recommendations including 2 special recommendations for
cancer prevention [6]. We constructed adherence scores using the following 6 recommendations: (1) be
as lean as possible within the normal range of body weight; (2) be physically active as part of everyday
life; (3) limit consumption of energy-dense foods and avoid sugary drinks; (4) eat mostly foods of plant
origin; (5) limit intake of red meat and avoid processed meat; and (6) limit consumption of salt and
avoid moldy cereals (grains) or pulses (legumes). We excluded the parts on alcohol consumption and
dietary supplement use because of mixed findings for the association between alcohol drinking [21–24]
or supplement use [25,26] and breast cancer recurrence or death among breast cancer survivors. We did
not include the breastfeeding recommendation because previous studies on breast cancer mortality
have reported inconsistent results [27–29].
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The scoring criteria of the WCRF/AICR recommendations are presented in Table 2. For BMI
classification of the Asia-Pacific region [20], we assigned 0, 1 and 2 to <18.5 or >25, 23 to 25,
and 18.5 to 22.9 kg/m2 of BMI, respectively. We grouped the participants into three groups based on
tertiles of adherence levels for physical activity (MET-hour/week), energy-dense food intake (kcal/100
g), non-starchy vegetable and fruit intake (g/day), refined grain intake (g/day), red and processed
meat intake (g/day), and sodium intake (mg/day). The highest adherence levels were given a score of
2, middle levels were given a score of 1, and the lowest levels were given a score of 0. We assigned 0, 1
and 2 to >50, 0–50, and 0 g/day of sugary drinks, respectively. Because the third and fourth guidelines
include two sub-guidelines, to treat the scoring the same, we regrouped the participants into three
categories of 0, 1, and 2 based on tertiles of the sum of two adherence scores of the sub-guidelines of
the third or fourth guidelines. We calculated the overall adherence scores by summing the six scores of
adherence to the WCRF/AICR guidelines (range 0–12).
Table 2. Operationalization of adherence to WCRF/AICR recommendations.
WCRF/AICR Recommendations for Cancer
Survivors
Sub-Recommendations Operationalization Scoring
1. Body fatness: Be as lean as possible
without becoming underweight
(1a) Ensure that body weight throughout childhood and
adolescent growth projects toward the lower end of
the normal BMI range at age 21 years
(1b) Maintain body weight within the normal range from
age 21 years





<18.5 or >25 0
2. Physical activity: Be physically active as
part of your everyday life
(2a) Be moderately physically active, equivalent to brisk
walking, for ě30 min every day
(2b) As fitness improves, aim for ě60 min of moderate, or
for ě30 min of vigorous physical activity every day
(2c) Limit sedentary habits such as watching television
Physical activity
(MET-hour/week)
Tertile 3 (>40.3) 2
Tertile 2 (19.6–43.3) 1
Tertile 1 (<19.6) 0
3. Foods and drinks that promote weight
gain: Limit consumption of energy-dense
foods; avoid sugary drinks
(3a) Consume energy-dense foods (225–275 kcal/100
g) sparingly
(3b) Avoid sugary drinks (servings/week)
(3c) Consume fast foods sparingly, if at all






Tertile 1 (<154.2) 2
Tertile 2 (132–154.2) 1





4. Plant foods: Eat mostly foods of
plant origin
(4a) Eat ě5 portions/servings (>400 g) of a variety of
non-starchy vegetables and of fruits every day
(4b) Eat relatively unprocessed cereals (grains) and/or
pulses (legumes) with every meal
(4c) Limit refined starchy foods
(4d) People who consume starchy roots or tubers as staples
should also ensure sufficient intake of non-starchy
vegetables, fruit, and pulses (legumes)
Non-starchy vegetable





Tertile 3 (>586.2) 2
Tertile 2 (371.5–586.2) 1
Tertile 1 (<371.5) 0
Refined grains (g/day)
Tertile 1 (<15) 2
Tertile 2 (15–45) 1
Tertile 3 (>45) 0
5. Animal foods: Limit intake of red meat
(beef, pork, lamb, and goat) and avoid
processed meat
(5a) People who eat red meat should consume <500
g/week, very little if any to be processed meats
Red meat and processed
meat intake (g/day)
Tertile 1 (<5) 2
Tertile 2 (5–60.5) 1
Tertile 3 (>60.5) 0
6. Preservation, processing, preparation:
Limit consumption of salt. Avoid moldy
cereals (grains) or pulses (legumes)
(6a) Avoid salt-preserved, salted, or salty foods; preserve
foods without using salt
(6b) Limit consumption of processed foods with added salt
to ensure an intake of<6 g (2.4 g sodium)/day
(6c) Do not eat moldy cereals (grains) or pulses (legumes)
Sodium intake (mg/day)
Tertile 1 (<3521.7) 2
Tertile 2 (3521.7–4602.2) 1
Tertile 3 (>4602.2) 0
Abbreviations: WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; BMI, Body
Mass Index; MET, metabolic equivalent task; 1 Energy dense diet denotes energy intake per amount of total
food intake (kcal per 100 g).
2.5. Health-Related Quality of Life Measurement
We assessed HRQoL in breast cancer survivors using a validated Korean version of
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core
30 (EORTC QLQ-C30) version 3.0 and Quality of Life Questionnaire Breast Cancer Module 23
(QLQ-BR23) [30,31]. The QLQ-C30, developed for assessing cancer survivors HRQoL in international
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clinical trials, is composed of 30 items, with subcategories of global health status/quality of life (QoL)
scale, functional scales (physical, role, emotional, cognitive, and social) and symptom scales (fatigue,
nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial
difficulty). The QLQ-BR23 is a questionnaire for breast cancer survivors with regard to disease stage
and treatment modality. The breast cancer module incorporates four functional scales (body image,
sexual functioning, sexual enjoyment, and future perspective) and four symptom scales (systemic
therapy side effects, breast symptoms, arm symptoms, and upset by hair loss) [32]. Sexual enjoyment
was not included in this analysis because 70% of the participants did not respond to this domain.
According to the EORTC scoring manual, we transformed raw scores, including 4-point or 7-point
scales, to a 0 to 100 scale [33]. A higher score represents a higher (“better”) level of functioning and
global health status /QoL or a higher (“worse”) level of symptoms or problems.
2.6. Statistical Analyses
Socio-demographic, lifestyle and clinical characteristics of the study participants are presented as
the mean or frequency according to quartiles of adherence scores to ACS or WCRF/AICR guidelines.
To examine the association between adherence scores to ACS or WCRF/AICR guidelines and HRQoL
levels, we calculated the least square means (LS means) and 95% confidence intervals (95% CIs) using
generalized linear models (GLMs).
We log-transformed variables and exponentiated them if they did not meet normality. To test for
trends, we assigned the median values of the quartiles of adherence scores and treated the variable as
a continuous variable. In the multivariate-adjusted models, we adjusted for age (year), energy intake
(kcal/day), dietary supplement use (yes, no), marital status (married or cohabitation, unmarried or
divorced or widowed), education level (high school or below, college or above), stage at diagnosis
(I, II, and III), and time since surgery (6 months to 1 year, 1 year to 5 years, 5 years or more). We also
conducted subgroup analyses to examine the associations by breast cancer stage at diagnosis (I, II
or III) or time since surgery (<1.9 or ě1.9 years, median). We grouped stage II and III because of the
small number of breast cancer survivors (n = 17) with stage III. The statistical tests were two-sided,
and p < 0.05 was considered statistically significant. All analyses were conducted using the SAS
software 9.3.
3. Results
A total of 160 breast cancer survivors were included in our study. The ACS guideline score ranged
from zero to six, and the WCRF/AICR recommendation score ranged from one to 12. The mean (SD)
age of the study participants was 50.96 (8.72) years (range, 21–79 years). Of the study participants,
83.75% had undergone breast cancer surgery less than five years before the interview. The mean
(SD) of physical activity level was 37.88 (37.78) METs-hour/week, and the mean (SD) of BMI was
22.58 (2.84) kg/m2. In total, 42.50% of the participants had graduated from college or an education
above. Most of them were married (84.38%), and never smokers (86.88%). The prevalences of breast
cancer stages I, II, and III were 45.63%, 43.75%, and 10.63%, respectively (Table 3). Breast cancer
survivors in the highest quartile of ACS guideline scores or WCRF/AICR recommendation scores had
lower BMI, and higher physical activity compared to those in the lowest quartile (Table 3).
Breast cancer survivors who had high adherence to ACS guidelines tended to have higher
social functioning scores (p for trend = 0.05) compared to those with lower adherence to ACS
guidelines (Table 4). When we analyzed according to the breast cancer stage at diagnosis (stages
I and II–III), social functioning scores tended to rise with increasing scores of adherence to ACS
guidelines (p for trend = 0.05), and sexual functioning scores significantly increased with increasing
scores of adherence to ACS guidelines (p for trend = 0.01) among those with stages II or III (Table S2).
Among 73 breast cancer survivors who had been diagnosed with stage I breast cancer, physical
functioning was significantly associated with increasing scores of adherence to ACS guidelines (p for
trend = 0.01) (Table S1).
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Characteristic All (n = 160) Q1 (n = 50) Q4 (n = 48) Q1 (n = 40) Q4 (n = 33)
Age, mean ˘ SD (year) 50.96 ˘ 8.72 51.78 ˘ 6.84 52.75 ˘ 8.45 50.50 ˘ 9.09 50.76 ˘ 8.54
Body mass index, mean ˘ SD (kg/m2) 22.58 ˘ 2.84 24.19 ˘ 3.57 21.25 ˘ 1.39 24.36 ˘ 3.44 21.41 ˘ 1.50
Physical activity, mean ˘ SD
(MET-hour/week) 37.88 ˘ 37.78 16.19 ˘ 22.74 58.07 ˘ 40.16 15.26 ˘ 11.59 52.56 ˘ 34.67
Education level, n (%) 1
High school or below 90 (56.25) 25 (50.00) 29 (60.42) 20 (50.00) 17 (51.52)
College or above 68 (42.50) 25 (50.00) 18 (37.50) 20 (50.00) 15 (45.45)
Marital status, n (%) 1
Married or cohabitation 135 (84.38) 41 (82.00) 40 (83.33) 30 (75.00) 29 (87.88)
Unmarried or divorced or widowed 24 (15.00) 9 (18.00) 8 (16.67) 10 (25.00) 4 (12.12)
Current menopausal status, n (%) 1
Premenopausal 16 (10.00) 5 (10.00) 1 (2.08) 5 (12.50) 3 (9.09)
Postmenopausal 137 (85.63) 43 (86.00) 44 (91.67) 35 (87.50) 29 (87.88)
Time since surgery, n (%)
6 month–<1 year 26 (16.25) 8 (16.00) 8 (16.67) 7 (17.50) 3 (9.09)
1 year–<2 years 65 (40.63) 17 (34.00) 24 (50.00) 15 (37.50) 18 (54.55)
2 years–<5 years 43 (26.88) 14 (28.00) 11 (22.92) 9 (22.50) 8 (24.24)
ě5 years 26 (16.25) 11 (22.00) 5 (10.42) 9 (22.50) 4 (12.12)
AJCC stage at diagnosis, n (%)
I 73 (45.63) 21 (42.00) 24 (50.00) 20 (50.00) 16 (48.48)
II 70 (43.75) 22 (44.00) 19 (39.58) 14 (35.00) 15 (45.45)
III 17 (10.63) 7 (14.00) 5 (10.42) 6 (15.00) 2 (6.06)
Estrogen receptor status, n (%) 1
Negative 49 (30.63) 14 (28.00) 17 (35.42) 8 (20.00) 12 (36.36)
Positive 108 (67.50) 34 (68.00) 30 (62.50) 31 (77.50) 21 (63.64)
Progesterone receptor status, n (%) 1
Negative 70 (43.75) 19 (38.00) 21 (43.75) 17 (42.50) 16 (48.48)
Positive 87 (54.38) 29 (58.00) 26 (54.17) 22 (55.00) 17 (51.52)






375.23 1796.31 ˘ 435.29
Dietary supplement use, n (%)
No 56 (35.00) 17 (34.00) 12 (25.00) 17 (42.50) 8 (24.24)
Yes 104 (65.00) 33 (66.00) 36 (75.00) 23 (57.50) 25 (75.76)
Alcohol intake, n (%) 1
Never drinker 76 (47.50) 28 (56.00) 24 (50.00) 19 (47.50) 15 (45.45)
Ever drinker 83 (51.88) 22 (44.00) 23 (47.92) 21 (52.50) 18 (54.55)
Smoking status, n (%) 1
Never smoker 139 (86.88) 45 (90.00) 36 (75.00) 36 (90.00) 26 (78.79)
Ever smoker 5 (3.13) 1 (2.00) 2 (4.17) 2 (5.00) 1 (3.03)
Abbreviations: ACS, American Cancer Society; WCRF/AICR, World Cancer Research Fund/American
Institute for Cancer Research; SD, standard deviation; MET, metabolic equivalent task; AJCC, American
Joint Committee on Cancer; 1 Number of participants was less than 160 because some participants did not
provide relevant information.
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Table 4. Health-related quality of life (HRQoL) scores according to ACS guidelines adherence score
among breast cancer survivors with stage I to III (n = 160) 1.
ACS Guidelines Score
HRQOL Items n Q1 (n = 50) Q2 (n = 32) Q3 (n = 30) Q4 (n = 48) p for Trend 2
ACS score, range 160 0–2 3 4 5–6
EORTC QLQ-C30, LS means (95% CI)











































































































EORTC QLQ-BR23, LS means (95% CI)
Functioning


















































Abbreviations: ACS, American Cancer Society; LS means, least-squares means; 95% CI, 95% confidence interval;
EORTC QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire
Core 30; BR23, breast cancer module 23; 1 Models were adjusted for age (year; continuous), energy intake
(kcal/day; continuous), dietary supplement use (yes, no), education level (high school or below, college or
above), marital status (married or cohabitation, unmarried or divorced or widowed), breast cancer stage (I, II,
III), and time since surgery (6 month-1, 1–5, ě5 years); 2 p for trend was calculated using the median value of
each quartile category as a continuous variable.
Breast cancer survivors who had higher adherence to WCRF/AICR recommendations had
significantly higher scores of arm symptoms (p for trend = 0.01) and tended to have higher scores of
insomnia (p for trend = 0.05) compared to those with lower adherence to WCRF/AICR recommendations
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(Table 5). When we examined the relationship between WCRF/AICR recommendation adherence
and HRQoL according to the stage at diagnosis (stages I and II-III), significant associations were not
observed between HRQoL scores and the level of adherence to WCRF/AICR recommendations among
stage I breast cancer survivors (Table S1). Breast cancer survivors at breast cancer stage II or III with
higher adherence to WCRF/AICR recommendations had significantly higher arm symptom scores
(p for trend = 0.01) and higher scores for upset by hair loss (p for trend = 0.03) compared to those with
lower adherence to WCRF/AICR recommendations (Table S2).
Table 5. Health-related quality of life (HRQoL) scores according to WCRF/AICR recommendation
adherence score among breast cancer survivors with stage I to III (n = 160) 1.
WCRF/AICR Recommendation Score
HRQOL Items n Q1 (n = 40) Q2 (n = 46) Q3 (n = 41) Q4 (n = 33) p for Trend 2
WCRF/AICR score, range 160 1–4 5–6 7–8 9–12
EORTC QLQ-C30, LS means (95% CI)











































































































EORTC QLQ-BR23, LS means (95% CI)
Functioning


















































Abbreviations: WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research; LS means,
least-squares means; 95% CI, 95% confidence interval; EORTC QLQ-C30, European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire Core 30; BR23, breast cancer module 23; 1 Models were
adjusted for age (year; continuous), energy intake (kcal/day; continuous), dietary supplement use (yes, no),
education level (high school or below, college or above), marital status (married or cohabitation, unmarried or
divorced or widowed), breast cancer stage (I, II, III), and time since surgery (6 month-1, 1–5, ě5 years); 2 p for
trend was calculated using the median value of each quartile category as a continuous variable.
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When we examined the association between adherence to ACS or WCRF/AIR guidelines and
HRQoL levels according to the time since surgery (<1.9 or ě1.9 years, median), social functioning
scores tended to increase with increasing scores of adherence to ACS guidelines (p for trend = 0.05) or
increasing scores of adherence to WCRF/AICR recommendations (p for trend = 0.04) among those who
had 1.9 or more years since surgery. Among breast cancer survivors who had less than 1.9 years since
surgery, those who had higher adherence to WCRF/AICR recommendations tended to have higher
arm symptoms scores (p for trend = 0.05) compared to those who had lower adherence to WCRF/AICR
recommendations (Data not shown).
4. Discussion
We examined the association between adherence to guidelines for cancer survivors and HRQoL
among 160 Korean breast cancer survivors. High adherence to ACS guidelines was associated with
increasing scores of social functioning, whereas adherence to WCRF/AICR recommendations was
significantly associated with the higher scores of arm symptoms. Our findings may suggest that breast
cancer survivors who had healthy dietary habits could have favorable social functioning once they
manage to cope with cancer, but those with worse symptoms could try to have healthy diet partly
because of some emotional anxiety. More apparent associations for social functioning among breast
cancer survivors with a longer time since surgery and for arm symptoms among those with a short
time since surgery may partly support our explanations. It warrants further prospective study, where
a clear temporal relationship can be assessed. When we examined whether our findings differed by the
stage at diagnosis, the associations for social functioning and arm symptoms were more pronounced
in breast cancer survivors at stage II or III. For breast cancer survivors diagnosed with breast cancer
stage I, increasing adherence to ACS guidelines was associated with enhanced physical functioning
scores. It is possible that physical functioning could be an indicator of quality of life among those with
early stage, and social functioning and arm symptoms may be important factors related to or trigger
healthy diet among those with stage II or III.
Our finding of the association between social functioning and healthy diet corresponded to
findings of a previous cross-sectional study nested in a breast cancer survivorship cohort, the Health,
Eating, Activity, and Lifestyle (HEAL) study [34]. That study examined the association between HRQoL
and diet quality using the Diet Quality index and found better scores of physical functioning, bodily
pain, social functioning, role-emotional, and mental health subscales with higher diet quality compared
to the those with poor diet quality among breast cancer survivors [34]. Several epidemiologic studies
that examined overall or sub-scaled HRQoL found significant better HRQoL scores with increasing
adherence to guidelines. Among the participants of ACS’s Study of Cancer Survivors-II, breast cancer
survivors who met the recommendations, (1) accumulated at least 150 min of moderate-to-strenuous
or 60 min of strenuous physical activity per week; (2) consumed at least five servings of fruits
and vegetables each day (5-A-Day); and (3) did not smoke, had significantly better overall HRQoL
scores compared to those who did not follow the recommendations [15]. The Iowa Women’s Health
Study (IWHS) examined the relationship between adherence to WCRF/AICR recommendations and
summary scores of the physical and mental components of SF-36 among elderly female cancer survivors
and found that higher adherence scores to the recommendations were significantly associated with
higher physical or mental summary scores among breast cancer survivors [17]. Another cross-sectional
study found that breast, prostate, and colorectal cancer survivors with healthier diet quality had better
scores of physical quality of life [35].
Our study found that those who had higher adherence to WCRF/AICR recommendations had
higher scores of arm symptoms compared to those with lower adherence, however, four cross-sectional
studies aforementioned did not find positive association between pain and adherence to guidelines.
Differences between our study and previous studies may be partly because time since diagnosis was
relatively shorter in our population than other study populations. We found that this association
existed among only breast cancer survivors with a short time since surgery, but not among those with
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a relatively longer time since surgery. It is possible that emotional anxiety, which could be stimulated
by pain or symptoms, promoted adherence to healthy diet among those who had a relatively short
time since diagnosis. There is a report that breast cancer survivors who initiated dietary changes after
diagnosis were more likely to have psychological distress than those who did not [36]. Further larger
studies are needed to examine differences in the association between diet and HRQoL levels by time
since diagnosis or levels of emotional anxiety.
For body mass index and physical activity, there is evidence that maintaining healthy weight
and being physically active improved quality of life. A recent meta-analysis of 25 physical exercise
intervention trials on quality of life of breast cancer survivors reported increased overall quality
of life in the intervention group compared to control group [37]. Short-term intervention studies
of breast cancer survivors have reported improvements in HRQoL levels with exercise and dietary
intervention [38–40]. The Lifestyle Intervention in Adjuvant Treatment of Early Breast Cancer (LISA)
study found that individualized lifestyle intervention groups had significantly higher improvement
in physical HRQoL compared to the mail-based intervention group [41]. Although we cannot infer
a causal relationship in this cross-sectional study, our findings may suggest the potential benefit of
healthy lifestyle, involving normal body weight, physical activity and healthy diet for Korean breast
cancer survivors. Further investigation with larger number of Korean breast cancer survivors is needed
to provide evidence-based lifestyle guidelines for breast cancer survivors.
This is the first study to examine the association between the AICR guideline or WCRF/AICR
recommendation adherence and HRQoL among Korean breast cancer survivors. Other strengths of our
study include dietary assessment by three-day dietary records, which is regarded as the gold standard,
and good medical information related to breast cancer diagnosis and treatment. However, we do not
have information on the comorbidity status at diagnosis, which has been suggested as a predictor
of impaired overall quality of life as well as functional status [42,43], and we could not determine
the causal relationship between the ACS guideline and WCRF/AICR recommendation adherence
and HRQoL because this is a cross-sectional study. Our findings may not be generalizable to all
Korean breast cancer survivors because of the small sample size and their comparably higher level of
education. Although the ACS and WCRF/AICR guidelines are widely used to estimate the overall
lifestyle of the general population and cancer survivors, its scoring methods can involve arbitrary
decisions, especially with regard to diet adherence scores.
5. Conclusions
In conclusion, we identified that adherence to ACS guidelines was associated with better social
functioning scales, and this association was more pronounced among survivors with stage II or III
cancer. We found that adherence to WCRF/AIRCR recommendations was associated with worse arm
symptoms scales. Our results suggest that although ACS and WCRF/AICR guideline adherence by
cancer survivors is associated with the status of health-related quality of life among breast cancer
survivors, it may differ according to the breast cancer stage or the time since surgery. Although our
study does not directly infer a causal relationship, significant association between lifestyle factors
and quality of life observed in our study emphasizes the need of Korean breast cancer survivorship
studies that examine the role of diet, physical activity, and other lifestyle factors in the progression of
breast cancer.
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Abstract: Women who are obese at the time of breast cancer diagnosis have higher overall mortality
than normal weight women and some evidence implicates adiponectin and leptin as contributing
to prognostic disadvantage. While intentional weight loss is thought to improve prognosis, its
impact on these adipokines is unclear. This study compared the pattern of change in plasma leptin
and adiponectin in overweight-to-obese post-menopausal breast cancer survivors during weight
loss. Given the controversies about what dietary pattern is most appropriate for breast cancer
control and regulation of adipokine metabolism, the effect of a low fat versus a low carbohydrate
pattern was evaluated using a non-randomized, controlled study design. Anthropometric data and
fasted plasma were obtained monthly during the six-month weight loss intervention. While leptin
was associated with fat mass, adiponectin was not, and the lack of correlation between leptin and
adiponectin concentrations throughout weight loss implies independent mechanisms of regulation.
The temporal pattern of change in leptin but not adiponectin was affected by magnitude of weight
loss. Dietary pattern was without effect on either adipokine. Mechanisms not directly related to
dietary pattern, weight loss, or fat mass appear to play dominant roles in the regulation of circulating
levels of these adipokines.
Keywords: adiponectin; body composition; breast cancer survivors; dietary pattern; leptin;
weight loss
1. Introduction
Prognosis for long-term survival following treatment for breast cancer is poorer in overweight
or obese women with either pre- or postmenopausal breast cancer [1]. The prognostic disadvantage
is accounted for by a higher risk of recurrence with subsequent metastatic progression and by the
occurrence of cardiovascular disease and type-2 diabetes, which are common co-morbidities of breast
cancer survivors [2]. Among women who were obese at the time of diagnosis as compared to normal
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weight women, a 33% higher risk for overall mortality has been reported in a meta-analysis of
43 studies [3]. A number of mechanisms have been proposed to mediate prognostic disadvantage,
including those involving two adipokines, adiponectin and leptin [4–8]. However, the clinical
significance of these findings remains controversial; many studies were conducted using cross-sectional
designs that failed to establish temporal relationships for causality and results have been inconsistent.
The primary intervention used to treat obesity-associated diseases is weight loss via lifestyle
modifications involving energy intake and expenditure [9]. In post-menopausal women, limiting
caloric intake rather than increasing energy expenditure via physical activity is the key to achieving
weight loss [10]. Of the dietary patterns used for weight loss, those that have received the most
attention, low carbohydrate or low fat, are the same patterns that are at the center of a controversy
about dietary approaches for breast cancer prevention and control [11–24]. In both weight control and
cancer control, many studies have focused on low-fat diets; however, proponents of low carbohydrate
diets report that high carbohydrate intake results in higher plasma insulin levels and promotes
lipogenesis [25]; hence the popularity of low-carbohydrate diets for weight loss among the general
population. Clearly, the same characteristics associated with low fat weight loss diets, i.e., higher insulin
and promotion of lipogenesis, would be considered to be a prognostic disadvantage in the breast
cancer survivor population [6,26].
This paper focuses on the effects of intentional weight loss achieved using two different dietary
patterns on circulating concentrations of leptin and adiponectin. These adipokines are the most
abundant proteins synthesized and secreted by adipocytes. Adiponectin and leptin have been
reported to play roles in obesity as well as obesity-associated diseases such as cardiovascular
disease, type-2 diabetes, and cancer, including breast cancer [27–31]. Adiponectin is 1000 times more
abundant in plasma than is leptin. Leptin has been reported to be positively associated with fat mass;
whereas, plasma adiponectin has been reported to increase as fat mass decreases. The mechanisms
that regulate synthesis and secretion of these adipokines in vivo are not well understood. In general,
both proteins appear to act via binding to their cognate receptors. Adiponectin has been reported
to be insulin sensitizing and to antagonize the effects of leptin on the carcinogenic process in the
breast [32–35]. Leptin is associated with eating behavior and has been reported to promote breast
carcinogenesis and tumor progression via effects on multiple regulatory nodes that drive mitogenesis
while blocking apoptosis and enhancing angiogenesis [29,36,37].
This study, referred to as CHOICE, was designed to investigate how weight loss induced using two
dietary patterns, low fat or low carbohydrate, affected biomarkers that have been reported to impact
breast cancer recurrence and other common comorbidities of breast cancer survivors, i.e., type 2 diabetes
and cardiovascular disease. Herein we report on adiponectin and leptin. We hypothesized that
adiponectin would increase and leptin would decrease in a manner directly proportional to weight
loss and decrease in fat mass and a low carbohydrate dietary pattern would induce a more favorable
response. Unlike most other studies of weight loss, anthropometric data were collected monthly so
that changes in the rate of weight loss and body fat mass could be computed and provide insight into
patterns of change in circulating concentrations of leptin and adiponectin and whether the dietary
approach to weight loss had any impact on the outcomes observed.
We report that while leptin was strongly associated with fat mass at baseline, adiponectin was not,
and the lack of correlation between changes in leptin and adiponectin implies independent mechanisms
of regulation. The temporal pattern of change in leptin and adiponectin varied markedly and was not
directly related to change in fat mass. Dietary pattern was without effect on plasma concentrations
of either adipokine. Since adiponectin and leptin have been reported to have opposing activities on
breast cancer progression, we also assessed whether their ratio might provide an index of intervention
effectiveness but found that the variability of the ratio makes it problematic in this regard.
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2. Experimental Section
2.1. Study Design
This study, referred to as CHOICE, compared two weight loss interventions that differed only in
the dietary pattern that was investigated, i.e., low carbohydrate versus low fat with dietary protein
content equivalent in both interventions. The details of the CHOICE research protocol have been
published [38]. Briefly, participants were followed for 6 months. Demographic and anthropometric
data were collected at baseline and we continued to measure weight, waist and hip circumference,
body mass index, and body composition via Bod Pod® (Life Measurement, Inc., Concord, CA, USA)
at 4-week intervals thereafter up to six months. The clinical protocol was approved by the Colorado
State University Institutional Review Board for the Protection of Human Subjects. Written consent was
obtained before enrolling participants.
2.2. Participants
Women recruited for participation were from a single oncology practice and were at least 4
months post chemotherapy, radiation and surgical treatment for breast cancer and were considered
clinically free of cancer. Accrual occurred from 2008 to 2012. Participants were referred by their medical
oncologist and had a body mass index in the overweight or obese class I range (BMI 25.0–34.9Kg/m2).
Eligibility criteria have been reported elsewhere [38]. A total 249 participants were assigned to the study
(Supplementary Figure S1). Clinical characteristics and demographic data across groups at baseline
are shown in Supplementary Table S1. Participants were predominately non-Hispanic whites (89%)
with a mean age of 54.9 ± 9.2 years, a mean BMI of 29.0 ± 2.6 kg/m2 and an average of 43 ± 5% body
fat. There were no differences among study arms in clinical or demographic characteristics, including
disease stage or treatment regime. During the course of the study, dropout rate was similar in the low
carbohydrate (15%) and the low fat (18%) study arms, although it was higher in the non-intervention
control (26%); the differences were not statistically significant (p = 0.22). Demographics for those lost
to follow up were not different from those who completed the study, with the exception of time since
end of treatment (p = 0.01). Overall compliance with the menu and recipe defined dietary patterns was
determined using the daily food logs kept by each participant and that were reviewed at each monthly
clinic visit. The mean compliance for the 6-month intervention was 73% (monthly range: 65%–81%)
and was not different by intervention arm (p = 0.80).
2.3. Adverse Events
One participant was treated for a pulmonary embolism, one participant was treated at an
emergency room for stomach pain, two participants were treated for falls, one of which resulted in a
hairline hip fracture, and one individual experienced an allergic reaction to an antibiotic. The adverse
events were not attributed to the weight loss intervention.
2.4. Non Intervention Control
Individuals not interested in joining the weight loss arms of the study but who wished to
participate were assigned to the non-intervention control group.
2.5. Intervention
Two interventions were developed and were comprised of a structured diet and physical activity
program with daily recording of body weight and activity. Each program was designed to create a
weekly negative energy balance equivalent to 3500 kcal, after adjustments for metabolic adaptations
that occur during extended periods of weight loss; however, participants were not limited in the
amount of weight they lost and individuals who lost more than the target weight were considered
compliant if they followed their prescribed dietary pattern. The diet plan for each intervention arm
184
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was comprised of a 42-day cycle of menus and recipes that were designed for five calorie levels in
each intervention arm (Supplementary Table S2). The meal plans included interchangeable meal
options (home-prepared recipes and meal instructions; eating out and convenience meal options),
educational material and a program incorporating weight loss strategies based on a systematic review
of the literature. The intervention was designed as a feeding study but was conducted in free living
individuals, where strict dietary structure is presented in a format that also offers enough flexibility to
be adopted into daily living and by the families and social support networks of participants.
2.6. Laboratory Analyses
For measurement of leptin and adiponectin, EDTA plasma samples were assayed with solid phase
quantitative sandwich ELISA (R&D systems, Minneapolis, MN, USA) according to standard protocol.
All assays were carried out blinded to intervention arm assignment. Leptin and adiponectin interassay
coefficients of variation ranged from 4.9% to 8.1% and from 10.0% to 11.3%, respectively.
2.7. Statistical Methods
Analysis was restricted to the subjects who completed the study, as the effects of 6 months of
weight loss were of primary interest in these analyses. Correlations at baseline and 6 months were
estimated using spearman’s rank statistic. Six-month changes in weight and body composition for
each diet group vs. control were evaluated in an ANCOVA model. All other inference was done on
longitudinal data using a maximum likelihood model for repeated measures. The correlation structure
was assumed to be autoregressive, except in the analysis of leptin and adiponectin, where compound
symmetry was used due to lack of convergence. Because diet group was not assigned at random,
baseline body mass index, resting metabolic rate and elapsed time since the end of cancer treatment
were added to all regressions; the time varying covariate steps was also included. Differences across
visit and between diet group were estimated using linear contrasts. For the question of whether fat
loss or time on study was more important, change in fat mass was added to the regression model.
All analyses were done in SAS 9.3, SAS Inc., Cary, NC, USA. GraphPad Prism 5.0 (GraphPad Software,
Inc., La Jolla, CA, USA) was used to visualize the data.
3. Results
3.1. Anthropometric Determinates
Body weight and fat mass decreased in each of the six-month weight loss interventions (Table 1).
Body weight and fat mass were lower at the end of the six-month intervention in each intervention
arm compared to the control group (p < 0.001). Percent body fat was lower in the low fat than the low
carbohydrate intervention arm at all time points; however, the slope of the regression lines describing
the rate of change in percent body fat over time did not differ between intervention arms.
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There are two primary sites of lipid storage, central (abdominal) and peripheral (subcutaneous),
and storage of fat in these depots is estimated by measuring waist and hip circumference, respectively.
Both measures decreased progressively with fat loss, and there was only a slight but statistically
significant change in the WH ratio (p = 0.04), indicating that waist circumference decreased slightly
more than hip circumference (Table 1). Total fat lost, change in percent body fat, and change in the WH
ratio were unaffected by the dietary pattern used to induce weight loss.
3.2. Fat Mass and Plasma Concentrations of Leptin and Adiponectin
Because leptin and adiponectin are synthesized primarily by adipocytes and secreted into blood,
we next used baseline data to determine the pre-intervention relationship between fat mass and plasma
concentrations of leptin and adiponectin (Figure 1). Fat mass explained 35% of the variability in leptin
(r2 = 0.41); whereas, fat mass explained only 1% of the variability in plasma adiponectin (r2 = 0.008).
Given these findings, it was not surprising that regression analysis showed no association between
plasma leptin and adiponectin (r2 = 0.025). The same analyses were done at end of study, after an
overall decrease in fat mass of 27.3%, and very similar r2 values were found (Supplementary Figure S2).
Figure 1. Regression Analyses of Baseline data: (a) Regression of plasma adiponectin on fat mass (kg)
with 95% confidence intervals; r2 = 0.008, p = 0.210. (b) Regression of plasma leptin on fat mass (kg)
with 95% confidence intervals; r2 = 0.41, p < 0.001. (c) Regression of plasma adiponectin on plasma
leptin with 95% confidence intervals; r2 = 0.025, p = 0.028.
187
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3.3. Pattern of Change
We examined the temporal pattern of change in leptin and adiponectin (Figure 2 and Table 2).
Given the strong correlation between fat mass and plasma leptin at baseline and end of study,
we expected that leptin would decrease as fat mass decreased, but it did not. Rather, there was
a large decrease in leptin over the first month of weight loss (81% of the six-month decrease) with
relatively small decreases thereafter, while fat mass decreased only 34% of the six-month total reduction
during the first month of the intervention. This pattern of change in leptin was observed in both
intervention arms and the decrease in leptin was unaffected by dietary pattern.
Despite the very low correlation with fat mass at baseline, we expected plasma levels of
adiponectin to increase throughout weight loss based on published reports [39,40]. Thus the marked
decrease in plasma adiponectin observed after the first month of weight loss (6%, p < 0.001 relative to
baseline) was unexpected and was observed in both intervention arms. Thereafter, plasma adiponectin
increased (p = 0.004), but was not different from the control in either intervention group by end of study.
Although adiponectin levels were greater in the low fat group, the rate of increase in adiponectin
from intervention months 1 to 6 in the two diet groups were approximately the same (p = 0.85);
the increase in the last month of the intervention was somewhat greater in the low fat group than the
low carbohydrate group (p = 0.03).
Because computation of the ratio of adiponectin to leptin has been suggested as an index
for assessing net effects of these adipokines on diseases like breast cancer, the ratio was also
evaluated. However, we found that the coefficient of variation (CV) for the ratio was extremely
high (92%), whereas the CVs for leptin, adiponectin and fat mass were 51%, 53%, and 18%, respectively.
Similar values were found at end of study. The high variability in the ratio suggests it would not be a
sensitive marker for meaningfully assessing biological effects.
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Figure 2. Plasma adipokine concentrations duration weight loss. Groups are non intervention control,
CTRL; low fat dietary pattern weight loss intervention arm, LF; and low carbohydrate dietary pattern
weight loss intervention arm, LC. Values are means ± SD. (a) Plasma adiponectin (μg/mL) as a
function of months on weight loss intervention. The decrease in plasma adiponectin observed after
the first month of weight loss (6%, p < 0.001 relative to baseline) was observed in both intervention
arms. Thereafter, plasma adiponectin increased (p = 0.004), but was not different from the control in
either intervention group by end of study. Although adiponectin levels were greater in the low fat
group, the rate of increase in adiponectin from intervention months 1 to 6 in the two diet groups were
approximately the same (p = 0.85); the increase in the last month of the intervention was somewhat
greater in the low fat group than the low carbohydrate group (p = 0.03). (b) Plasma leptin (ng/mL) as
a function of months on weight loss intervention. There was a large decrease in leptin over the first
month of weight loss (81% of the six-month decrease) with relatively small decreases thereafter. This
pattern of change in leptin was observed in both intervention arms and the decrease in leptin was
unaffected by dietary pattern.
3.4. Impact of Weight Loss Magnitude
The analyses performed to this point indicated that 35% of the variation in leptin and only 1% of
the variation in plasma adiponectin could be accounted for by fat mass at baseline and that change
in leptin was far more pronounced in the first month of the intervention, while loss of fat mass
continued throughout. An alternative hypothesis to explain change in the plasma concentrations of
these adipokines is that magnitude of energy restriction was exerting effects on circulating leptin and
adiponectin independent of body composition. To evaluate this possibility, the subset of individuals
who lost at least 5% of initial body weight (92% of all individuals who completed the study), a level that
is considered clinically meaningful [2], were divided into tertiles of weight loss, which corresponded
to >5%, >10%, and >15% of initial body weight. Plasma leptin and adiponectin concentrations were
plotted over time by weight loss tertile (Figure 3). It is clear that with weight loss >10%, leptin
decreased progressively over time, and the decrease was significant with weight loss >15% (p = 0.007);
whereas, there was no significant effect of weight loss magnitude on circulating levels of adiponectin.
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Figure 3. Body fat mass and plasma adipokines by weight loss tertile. The subset of individuals who
lost at least 5% of initial body weight (92% of all individuals who completed the study) were divided
into tertiles of weight loss, which corresponded to >5%, tertile 1; >10%, tertile 2; and >15%, tertile 3
of initial body weight. (a) Fat mass in kg over successive months of the weight loss intervention. (b)
Body fat expressed as a (%) over successive months of the weight loss intervention. (c) Adiponectin
(μg/mL) over successive months of the weight loss intervention. (d) Leptin (ng/mL) over successive
months of the weight loss intervention. Values are means ± SEM. With weight loss >10%, leptin
decreased progressively over time, and the decrease was significant with weight loss >15% (p = 0.007);
whereas, there was no significant effect of weight loss magnitude on circulating levels of adiponectin.
3.5. Clinical Relevance of Changes in Plasma Adipokines
A concentration of 5 to 10 ng leptin per mL is typically observed in normal weight individuals [41].
In this study, the mean leptin concentration at baseline was 36.0 ± 18.5 ng/mL and in the intervention
arms decreased to 15.8 ± 10.8 by end of study (Figure 4); however, only in the highest tertile of
weight loss did plasma levels reach the normal range of plasma concentrations (baseline 40.6 ± 19.6
down to 10.0 ± 5.7 ng/mL). The distribution of change (baseline to end of study) in plasma leptin
in the CHOICE cohort (Figure 4) indicates that 92% of participants in the weight loss intervention
experienced a decrease in plasma leptin.
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Figure 4. Distribution of plasma adipokines at baseline and end of study. (a) Scatterplot showing the
mean and range for plasma adiponectin and leptin at baseline. The plasma concentration of adiponectin
that is observed in normal weight individuals is 7–5 μg/mL. Greater than 50% of participants in
CHOICE were within this range at baseline. A concentration of 5 to 10 ng leptin per mL is typically
observed in normal weight individuals. In this study, the mean leptin concentration at baseline
was 36.0 ± 18.5 ng/mL. (b) Scatterplot showing the mean and range for plasma adiponectin and
leptin at end of study. The plasma concentration of adiponectin that is observed in normal weight
individuals is 7–15 μg/mL and 47% remained within this range by end of study and those percentages
were not significantly affected by weight loss tertile or dietary pattern. Plasma leptin decreased to
15.8 ± 10.8 ng/mL by end of study; however, only in the highest tertile of weight loss did plasma
levels reach the normal range of plasma concentrations (baseline 40.6 ±19.6 down to 10.0 ± 5.7 ng/mL).
(c) Scatterplot showing the mean and range for the change (end of study-baseline) in plasma adiponectin
(μg/mL) and leptin (ng/mL) at end of study relative to baseline. The distribution of change in plasma
adiponectin indicates that 32% of the individuals in the intervention arms experienced a six-month
decrease in adiponectin; whereas, the remainder increased somewhat. The distribution of change in
plasma leptin indicates that 92% of participants in the weight loss intervention experienced a decrease
in plasma leptin.
The plasma concentration of adiponectin that is observed in normal weight individuals is
7–15 μg/mL [42]. Greater than 50% of participants in CHOICE were within this range at baseline and
47% remained within this range by end of study and those percentages were not significantly affected
by weight loss tertile or dietary pattern (Figure 4). Plasma adiponectin in the highest weight loss
tertile was 12.7 ± 7.7 at baseline and 13.7 ± 8.0 at end of study. The distribution of change in plasma
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adiponectin indicates that 32% of the individuals in the intervention arms experienced a six-month
decrease in adiponectin; whereas, the remainder increased somewhat (Figure 4).
4. Discussion
Reports on the relationship of circulating levels of adiponectin and leptin to incident
post-menopausal breast cancer are contradictory [27,43–48], and the association of breast cancer
recurrence and survival with circulating concentrations of these adipokines is equally mixed [4–8].
This study was not designed to directly answer questions about effects of intentional weight loss on
recurrence or survival or whether adiponectin or leptin play a causal role in this regard. Rather, the goal
was to define how leptin and adiponectin are affected by weight loss and dietary pattern as a first step
in establishing whether those changes support the biological plausibility for these adipokines to play
a causal role in weight loss mediated effects. Because of the monthly assessment of anthropometric
endpoints and collection of plasma in CHOICE, our results sled light on how circulating levels of
leptin and adiponectin change in relation to changes in body weight, body fat, and weight loss dietary
pattern. The expectations that we had from the preclinical and clinical literature were: (1) that leptin
would decrease and adiponectin would increase in a manner proportional to weight loss; (2) that there
would be a strong relationship between plasma leptin and adiponectin and both fat mass and changes
in fat mass; (3) that there would be a strong relationship between leptin and adiponectin as well as
changes in leptin and adiponectin throughout the weight loss intervention; and (4) that changes in
leptin and adiponectin would be influenced by dietary pattern. The extent to which these expectations
were supported by our findings forms the basis for the remainder of the discussion.
4.1. Leptin
Leptin decreased during the six-month weight loss intervention (Figure 2) and the 52% reduction
observed between baseline and end of study is consistent with other reports [39,40,49,50]. By assessing
weight loss and plasma leptin concentrations monthly, it became clear that the changes in leptin were
not directly proportional to the amount of weight loss or to loss of fat mass per se. Rather, most change in
leptin occurred during the first month of the intervention with limited reductions thereafter (Figure 2).
Given the dramatic decrease in leptin during this timeframe and that significant remodeling of adipose
tissue is reported to accompany weight loss [51], the manner in which leptin synthesis and secretion
are affected by tissue remodeling merits consideration. We also observed that weight loss greater than
15% resulted in significant additional decreases in plasma leptin between one and six months (Figure 3)
but that dietary pattern was without effect (Figure 2). These findings are consistent with reports that
energy restriction decreases leptin gene expression in white fat adipocytes and that magnitude of
energy restriction plays a role [52]. The same dietary patterns that were used in CHOICE were also
found to be without effect on leptin gene expression in the weight loss context [52]. Thus, despite a
mixture of reports about the effects of dietary patterns on circulating concentrations of leptin [49,53–63],
our findings are very clear-cut and also in agreement with another study in a population of breast
cancer survivors in which effects of weight loss and dietary pattern have been reported [49]. Given that
the manner in which leptin gene expression is regulated remains poorly understood [64], these findings
indicate the need to look beyond linkages of leptin to fat mass or body weight per se in efforts to identify
new approaches to modulating the secretion of leptin from adipose tissue. In terms of a potential
causal role of leptin as a driver of breast carcinogenesis, preclinical data show that leptin regulates
JAK2/STAT3 and inflammatory cytokine related signaling, which is altered by obesity and reregulated
via weight loss [65,66]. However, two clinical reports fail to link circulating leptin with breast cancer
recurrence [4,5], although another has shown leptin to be associated with distant recurrence and death
even when statistical models were adjusted for BMI and body weight [6]. Plasma leptin data have to
be interpreted with caution since leptin and the two main isoforms of its receptor have been reported
to be expressed in 84% of breast cancers suggesting that cells within tumors can respond to leptin via
autocrine as well as paracrine and endocrine pathways [67].
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4.2. Adiponectin
If the focus of CHOICE was simply on assessing the plasma concentration of adiponectin
at baseline and end of study, we would have concluded that there was no effect of weight
loss on this adipokine, which is consistent with one report [49] but at odds with others [39,40].
However, the monthly collection of data provided clear evidence that after an initial fall in
adiponectin, which was consistent with another report [42], there was a small but progressive
increase observed over the remaining five months of the study. Moreover, our findings show that
changes in adiponectin were not significantly linked to either loss in body weight or fat mass, or
the magnitude of weight loss (Tables 1 and 2). These findings fail to support commonly stated
perceptions about the relationship of adiponectin to body mass, body composition or weight control.
Similarly, and consistent with [49], CHOICE data indicate that neither the low carbohydrate or low
fat dietary patterns had an effect on changes in plasma adiponectin concentration in the weight loss
context, despite many reports indicating dietary composition would impact circulating concentrations
of this adipokine [56,58,59,61,63,68–71]. Collectively, the CHOICE results support an earlier study
that reported that weight loss using either a low fat or a low carbohydrate pattern had no effect on
adiponectin gene expression in white adipose tissue [52].
Of particular interest to us was the dichotomous nature of the change in adiponectin that was
observed in the CHOICE cohort, which differed markedly from the predominant decrease observed in
plasma leptin (Figure 4). While the net effect of weight loss on plasma adiponectin was null, about 32%
of the population experienced a net decrease; and the remainder a net increase. The factors that
account for the differences in response in these two subpopulations are unclear, but could relate to
polymorphisms in the adiponectin gene or to differences among individuals that determine whether
synthesized adiponectin is secreted into the circulatory system or retained within the cell and degraded
via lysosomal metabolism [42]. Nonetheless, the normal range for plasma adiponectin is 7–15 μg/mL
and most of the CHOICE population remained within this range throughout the intervention.
Preclinical data provide a clear set of pathways that are impacted by adiponectin and that are
linked to tumorigenesis, particularly tumor progression. Prominent among these are the activation of
AMP-activated protein kinase, and deactivation of acetyl CoA carboxylase, effects that are considered
to protective against cancer [72]. However, as with leptin, evidence linking adiponectin to recurrence
or survival is mixed [4–7], and adiponectin and its receptors have been detected in breast cancer
tissue indicating that autocrine as well as paracrine and endocrine pathways are operative [27].
Thus circulating adipokine data alone are unlikely to be sufficient to determine causal relationships.
In line with this observation, it is worth noting that interpretation of plasma adiponectin data relative
to health benefits is complex. Some reports indicate that vascular health and the predisposition to
diabetes are negatively affected by adiponectin levels below 6 μg/mL, and that increased risk of
all cause and cardiovascular mortality is observed above 12.2 μg/mL [73]. When these values are
juxtaposed to the 15.5 μg/mL plasma concentration of adiponectin below which breast cancer survival
has been reported to be adversely affected (above the median: 15.5 μg/mL, longer breast cancer
survival, HR, 0.39; 95% CI, 0.15 to 0.95, [74]), it would seem premature to consider adiponectin of value
in assessing prognosis for survival benefit, particularly in the weight loss setting.
4.3. Adiponectin to Leptin Ratio and Causal Mechanisms
There have been many reports suggesting the use of the ratio of adiponectin to leptin to infer
cancer risk [30,31,40,75]. In support of that concept is our finding that neither plasma concentration
of adiponectin or leptin nor change in adiponectin and leptin were statistically correlated indicating
that each adipokine is providing independent information. Similarly, there are several recent reviews
detailing candidate mechanisms by which leptin and adiponectin could be impacting various aspects
in the development of cancer in an integrated manner [65,66,72]. However, across the CHOICE cohort,
the coefficient of variation in the adiponectin to leptin ratio at any time point assessed was between
90% and 120%. Moreover, when we determined whether the ratio increased monotonically within an
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individual during progressive weight loss, it did so in less than 10% of the cohort (data not shown).
Thus, while the ratio might have some value in risk assessment in cross sectional studies, its use for
individual risk assessment is likely to require a more complex approach to algorithm development.
4.4. Strengths and Limitations
The strengths of this study included the highly effective weight loss intervention, the menu
and recipe defined approach to defining and delivering the low fat and low carbohydrate dietary
pattern-based interventions and the monthly collection of anthropometric data and biospecimens.
While a non-randomized design is subject to potential confounding, the value of such designs in
research on dietary patterns has also been advocated [76].
We report compliance in terms of adherence to the menu and recipe defined dietary patterns
that each participant was asked to follow. An alternative approach is to consider compliance in terms
of whether the total amount of dietary carbohydrate and fat consumed daily, when adjusted for
differences in body size and body composition, was the same among participants within a dietary
pattern group. Since total amounts of these macronutrients varied due to the differences that were
observed in amount of weight lost among participants, the contribution of total daily amounts of
dietary fat and carbohydrate consumed to study results was not determined.
5. Conclusions
CHOICE permitted us to look closely at general conclusions from many studies that were either
cross sectional or that collected data only at the beginning and end of weight loss. Thus, while leptin is
generally stated to be strongly related to fat mass, adiposity fails to explain the majority of the variation
in circulating levels of leptin and there are clearly factors unrelated to fat mass per se that account for
marked changes in plasma leptin during weight loss. CHOICE also revealed unexpected changes
in circulating adiponectin and raised questions about how to interpret plasma data relative to the
competing factors that determine prognosis in the breast cancer survivor population. Finally, despite
many reports about the potential value of the ratio of adiponectin to leptin as an index of effect, we
found so much variability within and among individuals who were assessed monthly that we raise a
cautionary note about the usefulness of the ratio. The fact that the dietary patterns evaluated failed to
alter adipokines during weight loss should not be used to rule out the possibility that dietary pattern
effects could be exerted during weight maintenance and/or the possibility that other dietary patterns
might exert effects during weight loss/weight maintenance in specific individuals. In designing
additional studies, it would be useful to focus on gaps in understanding of the regulation of both
adiponectin and leptin gene expression. If weight loss is shown to favorably affect survival prognosis
among breast cancer patients, CHOICE findings fail to provide strong support for investigating a
causal linkage between adiponectin or leptin and changes in prognosis mediated by weight loss.
Mechanisms not directly related to dietary pattern, weight loss, or fat mass appear to play dominant
roles in the regulation of circulating levels of these adipokines.
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Abstract: Sex differences have been previously highlighted in the cardioprotective effects of
the Mediterranean diet (MedDiet). The objective of this study was to investigate whether sex
differences also exist with regard to LDL particle size distribution and oxidation. Participants were
37 men and 32 premenopausal women (24–53 years) with slightly elevated LDL-C concentrations
(3.4–4.9 mmol/L) or total cholesterol/HDL-C ≥5.0. Variables were measured before and after a
four-week isoenergetic MedDiet. Sex differences were found in response to the MedDiet for the
proportion of medium LDL (255–260 Å) (p for sex-by-time interaction = 0.01) and small, dense LDL
(sdLDL; <255 Å) (trend; p for sex-by-time interaction = 0.06), men experiencing an increase in the
proportion of medium LDL with a concomitant reduction in the proportion of sdLDL, while an
opposite trend was observed in women. A sex difference was also noted for estimated cholesterol
concentrations among sdLDL (p for sex-by-time interaction = 0.03), with only men experiencing
a reduction in response to the MedDiet. The MedDiet marginally reduced oxidized LDL (oxLDL)
concentrations (p = 0.07), with no sex difference. Results suggest that short-termconsumption of the
MedDiet leads to a favorable redistribution of LDL subclasses from smaller to larger LDL only in
men. These results highlight the importance of considering sex issues in cardiovascular benefits of
the MedDiet.
Keywords: Mediterranean diet; LDL size; oxidized LDL; men; women
1. Introduction
Lowering LDL-C concentration is the primary target of therapy for the prevention of
cardiovascular disease (CVD) [1–3]. However, in addition to LDL-C concentrations, it has been
shown that a more detailed analysis of LDL physico-chemical properties (e.g., size and oxidation)
provides further insight into individual cardiovascular risk [4–6]. Individuals characterized by a
predominance of small, dense LDL particles (sdLDL) are at increased risk of coronary heart disease
compared to those with larger, buoyant LDL particles [7–9]. Compared with large LDL, sdLDL possess
a lower affinity for the LDL receptor and a longer half-life in plasma [10], bind more tightly to arterial
proteoglycans [11], penetrate the arterial subendothelial space more easily [12] and are more susceptible
to oxidation [13]. LDL oxidation is another process through which LDL contribute to atherosclerotic
plaque formation by favoring endothelial dysfunction, the release of inflammatory cytokines and
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macrophage transformation into foam cells [6]. Accordingly, oxidized LDL (oxLDL) concentrations
have been identified as an important marker of atherosclerotic lesions [5,6].
Sex disparities have been previously reported for LDL physico-chemical properties, men being
characterized by a higher proportion of sdLDL and greater concentrations of oxLDL than
premenopausal women [14–19]. Given that the presence of both sdLDL and oxLDL are predictive of
an increased cardiovascular risk, such sex differences could contribute in part to the higher risk of
coronary heart disease found in men compared with premenopausal women.
Adopting the traditional Mediterranean diet (MedDiet) has been identified as a useful strategy in
the prevention of cardiovascular events. The Prevención con Dieta Mediterránea (PREDIMED) study,
consisting of a nutritional intervention among 7447 high-risk individuals, indicates that the adherence
to an energy-unrestricted MedDiet supplemented with extra-virgin olive oil or mixed nuts for 4.8 years
reduces by approximately 30% the incidence of myocardial infarction, stroke and cardiovascular
death compared with a low-fat diet [20]. Different mechanisms of action have been proposed for the
beneficial cardioprotective effects of the MedDiet, one largely documented being its LDL-C lowering
effects [21]. Nevertheless, strong evidence suggests beneficial effects of the MedDiet beyond its impact
on LDL-C and other traditional risk factors [22].
A shift toward larger LDL particles and a reduction in oxLDL concentrations have been previously
observed with the consumption of the MedDiet in some [23–27], but not all studies [28], suggesting that
some factors, such as the characteristics of participants (e.g., sex, age, genetic predisposition, usual
dietary intakes) may modulate these effects. In this sense, previous results suggest that men have
greater cardiometabolic changes in response to the MedDiet than premenopausal women [29–31].
However, no study has examined whether sex differences exist in the effects of this food pattern on
LDL physico-chemical properties. One could speculate that, because of the higher proportion of sdLDL
habitually found in men compared with premenopausal women [14–17], men may experience a more
important shift toward larger LDL particles than women in response to the MedDiet. Consequently,
since larger, less dense LDL particles are less susceptible to oxidation than sdLDL [13], men may
have greater reduction in oxLDL concentrations than women. As estrogens exert beneficial effects on
LDL size and oxidation [18,32–35] and the MedDiet has been previously shown to reduce estrogen
concentrations in women [36], these facts further support the hypothesis that men may benefit more
than premenopausal women from this food pattern.
The aim of the present study was to verify whether the impact of the MedDiet on LDL size
distribution, as well as on oxLDL concentrations differs between men and women. Results presented
in this paper suggest that adhering to the MedDiet, in addition to a clinically-relevant reduction in
LDL-C concentrations, also has additional positive effects on LDL particle size phenotype, leading to a
favorable redistribution from smaller to larger LDL in men, but not in women. This study provides
new and useful clinical information in order to improve our understanding of the variability in the
response to the MedDiet and, ultimately, to further individualize dietary recommendations in the
prevention of cardiovascular disease.
2. Experimental Section
2.1. Subjects
Thirty-eight men and 32 premenopausal women took part to this study. However, one man
was excluded from analyses, because of a lack of dietary compliance due to illness during several
days just before the end of the controlled MedDiet phase. Analyses were therefore conducted in a
sample of 37 men and 32 premenopausal women, aged between 24 and 53 years, who participated in
a study that was initially designed to directly document sex differences in the impact of a MedDiet
on LDL-C concentrations [29]. The main inclusion criteria were to have slightly elevated LDL-C
concentrations (between 3.4 and 4.9 mmol/L) or a total cholesterol to HDL-C ratio ≥5.0, as well as
at least one of the four following CVD risk factors: waist circumference >94 cm in men and >80 cm
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in women [37]; TG ≥1.7 mmol/L; fasting glycemia between 6.1 and 6.9 mmol/L and/or blood
pressure levels ≥130/85 mm Hg. No participant had a history of cardiovascular events, and none
were taking medication that could affect the dependent variables under study (e.g., lipid-lowering
medication). Smokers and pregnant women or those using systemic hormonal contraceptives were
excluded from this study. The present study was conducted according to the guidelines laid down
in the Declaration of Helsinki, and all procedures involving human subjects were approved by the
Laval University Ethics Committee (#2007-180, 4 October 2007). This clinical trial was registered at
www.clinicaltrials.govasNCT01293344.
Before the intervention (i.e., at screening), no difference between men and women was found for age
(mean (SD): men 42.5 (7.3) years; women 41.1 (7.4) years, p for sex difference = 0.45) and BMI (mean (SD):
men 28.8 (3.1) kg/m2; women 29.2 (5.6) kg/m2, p for sex difference = 0.92). However, men had higher
mean values than women for body weight (mean (SD): men 90.7 (13.7) kg; women 77.4 (14.7) kg, p for
sex difference <0.001) and waist circumference (mean (SD): men 102.1 (9.9) cm; women 94.3 (10.3) cm,
p for sex difference = 0.001).
Power analyses for repeated measures and within-between interactions showed that a total
sample size of n = 69 is sufficient to detect significant differences in all outcomes measured with a
small effect size estimate (Cohen’s d of 0.20 [38]) and with an α = 0.05 and a power of 0.8 (G*Power
Version 3.0.10, Franz Faul, Universität Kiel, Germany).
2.2. Study Design
The study protocol consisted of a 4-week run-in period, immediately followed by a 4-week
fully-controlled MedDiet phase [29]. During the run-in period, subjects received personalized
recommendations by a registered dietitian in order to follow the healthy recommendations of Canada’s
Food Guide [39]. Briefly, Canada’s Food Guide is an educational tool that promotes healthy eating for
Canadians in order to reduce the risk of chronic diseases and to achieve overall health. It indicates the
recommended number of food guide servings per day for each of the four food groups (vegetables and
fruits, grain products, milk and alternatives and meat and alternatives) according to the age and sex of
individuals. In addition, more specific recommendations are provided for each food groups (e.g., eat at
least one dark green and one orange vegetable each day, make at least half of your grain products
whole grain each day, select lower fat milk and alternatives, have meat alternatives, such as beans,
lentils and tofu, often and eat at least two servings of fish each week). The 4-week run-in period
allowed comparing the effects of the MedDiet between men and women having similar baseline dietary
intakes, as reported previously [29]. Moreover, the concordance of men’s and women’s diet with the
traditional MedDiet was similar at the end of the run-in period, as suggested by a Mediterranean
score (MedScore; from 0–44 points: 24.8 (5.9) points in men and 24.6 (4.4) points in women, p for
sex difference = 0.87) [40]. This MedScore has been previously shown to be a valid indicator of
MedDiet adherence [40,41]. A MedScore of forty-four would imply a food pattern that is perfectly
concordant with the traditional MedDiet. No change in body weight was found during the run-in
period (+0.02 (0.19) kg in men and −0.01 (0.16) kg in women, respectively p = 0.93 and p = 0.84).
During the 4-week fully-controlled feeding phase, subjects consumed an experimental MedDiet
formulated to be concordant with the characteristics of the traditional MedDiet [42]. More precisely,
the experimental MedDiet included an abundance of fruits, vegetables, whole grain cereals, nuts and
legumes, moderate amounts of fish, poultry, eggs and low-fat dairy products and low amounts of red
meat and sweets. Olive oil was the main source of fat, and wine accompanied meals with moderation.
The percentages of energy derived from lipids, carbohydrates, proteins and alcohol were respectively
32% (7.2% SFA, 17.9% MUFA and 4.6% PUFA), 46%, 17% and 5%. Details about the composition of the
MedDiet have been already reported [29].
A 4-week controlled phase has been demonstrated as sufficient to induce significant changes
in LDL particle size features [43,44] and oxLDL concentrations [45,46]. All foods for the MedDiet
phase were prepared in a standardized manner in the Clinical Investigation Unit (CIU). Subjects
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were instructed to consume only the foods and beverages provided to them, which corresponded
to 100% of their estimated energy needs. Energy needs were established by averaging energy
requirements estimated by a validated food frequency questionnaire (FFQ) [47] administrated at
the beginning of the run-in period and energy needs as determined by the Harris–Benedict formula.
Participant’s body weight was monitored daily before the consumption of the lunch at the CIU,
and energy intake was increased or decreased by 250 kcal/day if a subject lost or gained greater
than 1 kg and maintained that body weight for at least 3 days. Participants completed a daily
checklist confirming the consumption of provided foods and beverages and, if needed, the amount
of foods not consumed. Participants were instructed to maintain their usual physical activity level.
However, in order to verify whether participants followed this instruction, daily energy expenditure
from physical activity participation was evaluated using a validated 3-day activity diary record
developed by Bouchard et al. [48] administrated during the fourth week of both the run-in period and
the MedDiet phase. Since some studies have suggested that fluctuations in female hormones influence
the lipid-lipoprotein profile [49], women’s feeding was shortened or prolonged if needed in order to
be able to carry out all tests in the early follicular phase of their menstrual cycle (from the third to the
ninth day of the menstrual cycle; mean duration of the feeding period in women (SD): 28.8 (4.3) days).
2.3. Laboratory Analyses
Blood samples were collected from an antecubital vein into vacutainer tubes after a 12-h overnight
fast. Total plasma cholesterol, TG and HDL-C concentrations were measured using commercial
reagents on a Modular P chemistry analyzer (Roche Diagnostics, Mannheim, Germany). Apo B was
measured by immunoturbidimetry (Roche Diagnostics, Mannheim, Germany). LDL-C was obtained
by the equation of Friedewald [50]. Plasma apo A-1 and apo A-2 concentrations were measured by
immunonephelometry. For the measurements of LDL particle size features and oxLDL concentrations,
analyses were performed using plasma stored at −80 ◦C. Non-denaturing 2%–16% polyacrylamide
gradient gel electrophoreses were used to characterize LDL particle size distribution, as previously
described [51]. LDL particle size was computed on the basis of the relative migration of plasma
standards of known diameter [52]. The LDL peak particle size was computed as the estimated
diameter for the major peak of each scan. An integrated (or mean) LDL size, corresponding to the
weighed mean size of all LDL subclasses in each individual, was also determined. As revealed by the
analysis of pooled plasma standards, measurements of LDL peak particle size and LDL integrated
particle size were highly reproducible, considering an inter-assay coefficient of variation of <2%.
The relative proportion of sdLDL, characterized by a diameter <255 Å (LDL<255Å), was obtained by
computing the relative area of the densitometric scan <255 Å. The absolute concentration of cholesterol
in sdLDL particles was estimated by multiplying the total plasma LDL-C concentrations by the relative
proportion of LDL<255Å. Similar approaches were used to estimate the relative proportion of medium
and large LDL particles and their specific estimated cholesterol concentration, using respectively
a diameter between 255 and 260 Å (LDL255–260Å) and >260 Å (LDL>260Å). LDL subclass Pattern A
was characterized by an LDL peak particle size ≥255 Å, whereas LDL subclass Pattern B by a LDL
peak particle size <255 Å. The measurements of the proportion of medium LDL and large LDL had a
coefficient of variation of 12% and 9.3% respectively. oxLDL concentrations were measured using a
commercial enzyme-linked immune-sorbent assay (ELISA) kit (Alpco, Salem, NH), with an intra-assay
coefficient of variation of 3.9%–5.7% and inter-assay coefficient of variation of 9%–11%.
2.4. Statistical Analyses
Statistical analyses were performed using SAS statistical package Version 9.4 (SAS Institute Inc.,
Cary, NC, USA). All statistical tests were two-sided. p ≤ 0.05 was considered as significant. Data were
collected before (i.e., immediately after the run-in period, referred as baseline values) and after the
controlled MedDiet phase. Differences in baseline characteristics between men and women were
assessed using Student’s t-test. Mixed procedures for repeated measurements were used to assess
203
Nutrients 2015, 7, 3705–3723
the main effects of time, sex and sex-by-time interaction on LDL particle size features and oxLDL
concentrations. When a significant main effect was found, Tukey-Kramer adjusted p-values were
used to identify the precise location of differences. Associations between variables were assessed by
Pearson’s correlation analyses. One woman was excluded from analyses of oxLDL concentrations due
to a baseline extreme value (i.e., 3027.8 ng/mL vs. group’s mean (SD) of 166.4 (200.6) ng/mL).
Although the MedDiet phase aimed at being isoenergetic, both men and women experienced
a small, but significant body weight change (mean (SD): −1.19 (1.23) kg in men, p < 0.001 and
−0.55 (0.98) kg in women, p = 0.01). Given that changes in body weight may influence LDL
physico-chemical properties (both size and oxidation) [5,53], all analyses presented here were adjusted
for this small change in body weight. Waist circumference did not statistically change during the
MedDiet phase in both men and women (mean (SD): −0.29 (2.68) cm in men, p = 0.56; −0.80 (2.56) cm
in women, p = 0.09).
3. Results
Even if there were no difference between men and women for LDL-C concentrations before the
MedDiet (i.e., immediately after the run-in period; p = 0.36), some sex differences were observed in LDL
physico-chemical properties (Table 1). In fact, men had a lower proportion of medium LDL(255–260Å)
(p = 0.02) and a higher proportion of sdLDL(<255Å) (p = 0.01) than women. Moreover, men had higher
estimated cholesterol concentrations among sdLDL(<255Å) than women (p = 0.01). Finally, men were
characterized by smaller LDL peak particle size (p = 0.04) and LDL integrated size (p = 0.04) than
women. No difference was found between men and women for all of the other variables related to
LDL particle size features (p > 0.08). Men and women had similar oxLDL concentrations prior to the
controlled MedDiet intervention (p = 0.86).
3.1. Plasma Lipids and Lipoproteins
As reported previously [29], reductions in total cholesterol, LDL-C, HDL-C, total cholesterol to
HDL-C ratio and apo B were observed in response to the MedDiet, and no difference was found
between men and women (p for sex-by-time interaction ≥0.16; Table 1). More precisely, reductions in
LDL-C concentrations of 10.4% in men and 7.3% in women were noted (respectively, p = 0.003 and
p = 0.04).
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3.2. LDL Size Distribution
Sex differences were observed in changes in LDL size distribution in response to the MedDiet
and more precisely for the proportion of medium LDL(255–260Å) (p for sex-by-time interaction = 0.01)
and sdLDL(<255Å) (trend; p for sex-by-time interaction = 0.06) (Table 1). Specifically, men experienced
an increase in the proportion of medium LDL with a concomitant non-significant decrease in the
proportion of sdLDL (respectively, p = 0.03 and p = 0.50), while an opposite non-significant trend was
observed in women (respectively, p = 0.74 and p = 0.54). No change was observed for the proportion of
large LDL(>260Å) in both men and women (Table 1). These results suggest that short-term consumption
of the MedDiet leads to a favorable redistribution of LDL subclasses from smaller to larger LDL only
in men.
A similar LDL size distribution was found in men and in women after the MedDiet (p for sex
difference for each proportion of LDL subclass ≥0.14), suggesting that sex differences at baseline were
no longer present after the short-term consumption of the MedDiet.
3.3. Estimated Cholesterol Concentration among Each LDL Subclass
A sex difference was noted for cholesterol concentrations among sdLDL(<255Å) (p for sex-by-time
interaction = 0.03), with only men experiencing a reduction in response to the MedDiet (p < 0.001 in
men and p = 0.88 in women; Table 1). In men, the reduction in cholesterol concentration among sdLDL
correlated with concomitant reductions in TG (r = 0.38, p = 0.02), LDL-C (r = 0.41, p = 0.01) and apo B
(r = 0.57, p < 0.001). The sex difference in cholesterol concentrations among sdLDL observed at baseline
was no longer present after the short-term consumption of the MedDiet (p for sex difference ≥0.11).
Significant reductions in cholesterol concentration among large LDL(>260Å) and a tendency for a
decrease in cholesterol concentration among medium LDL(255–260Å) were found, and no sex differences
were observed for these variables (Table 1).
3.4. LDL Peak and Integrated (Mean) Size
Consumption of the MedDiet did not affect LDL peak particle size or the LDL integrated size in
both men and women (Table 1).
However, a three-way sex-by-time-by-LDL subclass pattern (A or B) interaction was found for LDL
peak particle size (p for interaction = 0.01). Subgroup analysis indicated that, among men and women
with LDL Pattern A at baseline (LDL peak particle size ≥255 Å), only men experienced a decrease in
LDL peak particle size in response to the MedDiet (p = 0.03 for men and p = 0.54 for women; p for
time effect = 0.004; p for sex-by-time interaction = 0.12) (Figure 1). Moreover, among those with LDL
Pattern B at baseline (LDL peak particle size <255 Å), LDL peak particle size was increased in men only
(p = 0.003 for men and p = 0.90 for women; p for time effect = 0.007; p for sex-by-time interaction = 0.08).
Among each subgroup, no difference between men and women was found for baseline LDL peak
particle size (p for sex difference at baseline > 0.99 for Pattern A subgroup and 0.94 for Pattern B
subgroup). These results suggest that LDL subclass pattern at baseline influences the LDL peak
particle size response to the MedDiet, but only in men. No three-way interaction was found for the
LDL integrated size.
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Figure 1. LDL peak particle size at baseline (i.e., immediately before the MedDiet) and after
the four-week MedDiet in men and women according to their initial LDL subclass pattern
(Pattern A: LDL peak particle diameter ≥255 Å, men n = 8 and women n = 14, p for sex-by-time
interaction = 0.12; Pattern B: LDL peak particle diameter <255 Å, men n = 29 and women n = 18, p for
sex-by-time interaction = 0.08). Data are means (SEM). * Different from baseline in men, p < 0.05 by
mixed procedure followed by the Tukey-Kramer test.
Since TG concentrations are the main determinant of LDL size [4] and TG reduction in men was
twice the reduction in women in response to the MedDiet (respectively −14.6% and −7.7%; Table 1),
we thereafter adjusted the analyses for changes in TG concentrations. Sex differences in changes in
LDL particle size features in response to the MedDiet were still observed after these adjustments
(not shown).
Adjustments for waist circumference at baseline did not influence the results obtained (not shown),
suggesting that differences between men and women in abdominal obesity do not explain sex
differences observed in LDL size response to the MedDiet.
3.5. Oxidized LDL
A trend for a reduction in oxLDL concentrations was found in response to the MedDiet, and no
difference was observed between men and women (p for time effect = 0.07; p for sex-by-time interaction
= 0.85; Table 1).
Diet-induced changes in oxLDL concentrations were not associated with oxLDL concentrations at
baseline in either men or women (respectively r = −0.06, p = 0.71 and r = −0.16, p = 0.40). There was
no association between changes in oxLDL concentrations and changes in LDL-C concentrations
(respectively r = 0.20, p = 0.25 for men and r = 0.13, p = 0.50 for women) and changes in cholesterol
concentration among sdLDL(<255Å) (r = 0.11, p = 0.54 for men and r = 0.08, p = 0.67 for women).
Although participants were instructed to maintain their usual physical activity level, a similar
decrease in daily energy expenditure from physical activity participation was observed during the
MedDiet phase in men and women (−27.8% in men and −27.6% in women, p for sex-by-time
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interaction = 0.25). Adjustment for changes in physical activity participation did not influence the
results obtained (not shown).
4. Discussion
Elevated LDL-C concentration has been established as a major risk factor for CVD [1–3].
However, a more detailed analysis of LDL physico-chemical properties is highly relevant given
the important atherogenicity of sdLDL particles and of oxLDL [4–6]. Accordingly, results from
the present study highlight sex-specific cardiovascular benefits of the MedDiet, which would not
have been observed if only LDL-C concentrations had been measured. Indeed, despite the fact
that men and women have similar reductions in LDL-C concentrations in response to the MedDiet,
different responses in LDL particle size features to this food pattern are observed. More precisely,
men experienced an increase in the proportion of medium LDL particles with a concomitant reduction
in the proportion of sdLDL, while an opposite non-significant trend was observed in women.
Moreover, a reduction in cholesterol concentrations among sdLDL with MedDiet was noted in men,
but not in women. Finally, results showed that the more deteriorated LDL particle size features found
in men compared with premenopausal women at baseline were no longer present after the short-term
consumption of the MedDiet.
Even if a favorable LDL size redistribution and a reduction in cholesterol concentration among
sdLDL were observed in men, one might question the clinical relevance of these changes, since the
MedDiet had no global impact on LDL peak particle size, a widely-used surrogate marker of sdLDL.
However, a prospective study including 2,034 middle-aged men suggested that LDL peak particle
size is a weak predictor of ischemic heart disease risk compared with the proportion and the
cholesterol content of sdLDL, which were identified as very powerful and independent risk predictors,
even after adjustments for non-lipid and other lipid CVD risk factors, including LDL-C, HDL-C,
TG and lipoprotein(a) (Lp(a)) concentrations [51]. Therefore, one mechanism behind the reduction
in cardiovascular events with the consumption of the MedDiet could be a reduction of sdLDL in
dyslipidemic men.
As previously found in the literature, our results highlight that, compared with premenopausal
women, age-matched men have a greater proportion of sdLDL [14–17]. Given their greater proportion
of sdLDL at baseline, men had more room for improvement, which may explain at least partly why
they benefited more from the MedDiet than premenopausal women. Indeed, in previous studies,
those including subjects with metabolic syndrome, which is a cluster of metabolic abnormalities
characterized by a predominance of sdLDL, found increases in LDL size and/or a favorable
redistribution of cholesterol among each LDL subclass with the MedDiet [23–25], while one studying
the impact of the MedDiet in healthy individuals has observed no effect [28]. In line with these
previous studies, strong negative correlations were found in the present study between the proportion
and the cholesterol content of sdLDL at baseline and changes in these specific variables in response to
the MedDiet, meaning that individuals who were characterized by a higher proportion and cholesterol
content of sdLDL benefited more from the MedDiet (respectively, r < −0.50 and r < −0.61, p < 0.001).
Additional analyses also showed that, when men and women were individually matched for the
proportion of sdLDL at baseline (23 men and 23 women), differences between men and women in
changes in cholesterol concentration among sdLDL were considerably smaller than the one found
with the whole sample (−10.4% in men and −7.9% in women, p for sex-by-time interaction = 0.68 in
subjects paired for the proportion of sdLDL at baseline; vs. −14.3% in men and −3.5% in women when
the whole sample was considered).
In addition to the difference between men and women in LDL particle size features at baseline,
other factors related to sex seem to influence the impact of the MedDiet on LDL size. In fact, in the
present study, subjects characterized by the LDL Pattern B phenotype (i.e., predominance of sdLDL)
experienced a favorable increase in LDL peak particle size, whereas a reduction was found in
those characterized by the LDL Pattern A phenotype (i.e., predominance of large LDL particles).
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However, this pattern of changes was observed only in men, while women experienced no change,
regardless of their baseline LDL peak particle size phenotype. Since these sub-analyses are based on
small numbers of subjects in each group, they need to be confirmed.
Although not significant from a statistical perspective, men experienced nearly a two-fold greater
reduction in TG concentrations compared with women (14.6% vs. 7.7%), and such a difference could
be clinically significant. High concentrations of TG favor the production of large, TG-rich, very low
density lipoprotein (VLDL), a precursor of TG-rich LDL. In turn, lipolysis of TG in TG-enriched LDL
by hepatic lipase leads to the formation of sdLDL [4]. One could therefore assume that the greater
reduction in the concentrations of sdLDL found in men compared with women in response to the
MedDiet could also be explained by this greater reduction in TG concentrations in men. In the present
study, a strong association between changes in sdLDL and concomitant changes in TG concentrations
was found in men. However, sex differences in LDL particle size feature responses to the MedDiet
were still observed after adjustments for changes in TG concentrations, suggesting that sex differences
observed in the present study were not due only to a greater reduction in TG concentrations in men
compared with women.
The reduction in oxLDL concentrations was not associated with decreases in LDL-C concentrations
in response to the MedDiet in both men and women, suggesting that oxLDL reduction does not simply
reflect the LDL-lowering effects of the MedDiet, but is likely to be due to the antioxidant properties
of this food pattern. Since men reduced their proportion and cholesterol content of sdLDL more
than women in response to the MedDiet and sdLDL is more susceptible to oxidation compared with
larger particles [13], it could be expected that men may have reduced their oxLDL concentrations to a
greater extent compared with women. However, this was not the case. In fact, no sex difference was
found in response to the MedDiet, with a modest reduction in oxLDL concentrations observed in both
men and women. One possible explanation is that the consumption of a diet rich in oleic acid, the
more abundant fatty acid in the olive oil, may reduce the susceptibility of sdLDL to oxidation [54],
leading to a reduction in oxLDL, which is independent of the one found in sdLDL. This disassociation
between changes in sdLDL and changes in oxLDL concentrations was observed in both men and
women. Moreover, the MedDiet is rich in antioxidants, such as carotenoids, tocopherols and phenolic
compounds, mainly contained in vegetables, fruits, olive oil and red wine [55], which may provide an
important protection for sdLDL to oxidation. Therefore, these results suggest that the high oleic acid
content of the MedDiet, along with its important antioxidant properties, may overshadow the link
between sdLDL and LDL oxidation.
One of the strengths of our study is a design that included a highly-controlled dietary phase,
which permitted precisely investigating sex differences in response to the MedDiet with a maximum
control of possible confounding variables. Moreover, this study included a large number of subjects for
a strictly controlled feeding study. However, results should not be generalized, and additional studies
are needed. The duration of the controlled phase was appropriate, considering that previous studies
of equal or shorter lengths showed significant effects of diet on LDL particle size [43,44] and oxLDL
concentrations [45,46]. Among the limitations, the study’s ‘single strand before and after’ design
does not allow comparisons to a control diet, and therefore, non-specific treatment effects that are not
attributable to the MedDiet cannot be ruled out. However, we consider that the absence of a control
diet is not a major limitation, since the main objective of this study was to directly compare men’s and
women’s response to the MedDiet.
5. Conclusions
In conclusion, data from this strictly-controlled feeding study indicated for the first time the
existence of sex differences in the response of the LDL particle size features to the MedDiet in
dyslipidemic men and premenopausal women. Our results suggest that adhering to the MedDiet,
in addition to a clinically-relevant reduction in LDL-C concentrations (−10.4% in men and −7.3% in
women), also has additional positive effects on LDL particle size phenotype, leading to a favorable
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redistribution from smaller to larger LDL in men, but not in women. Moreover, men, but not women,
with smaller LDL peak particle size at baseline (<255 Å) increase LDL peak particle size in response to
the MedDiet. Since sdLDL has been suggested as a strong predictor of the progression of atherosclerosis
and CVD events [7–9], such findings have implications, both for improved understanding of
sex-specific mechanisms behind the beneficial cardiovascular effects of the MedDiet and for the
clinical management of dyslipidemic men.
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Abstract: Offspring of parents with a history of cardiovascular disease (CVD) inherit a similar genetic
profile and share diet and lifestyle behaviors. This study aimed to evaluate the feasibility of recruiting
families at risk of CVD to a dietary prevention program, determine the changes in diet achieved, and
program acceptability. Families were recruited into a pilot parallel group randomized controlled
trial consisting of a three month evidence-based dietary intervention, based on the Mediterranean
and Portfolio diets. Feasibility was assessed by recruitment and retention rates, change in diet by
food frequency questionnaire, and program acceptability by qualitative interviews and program
evaluation. Twenty one families were enrolled over 16 months, with fourteen families (n = 42
individuals) completing the study. Post-program dietary changes in the intervention group included
small daily increases in vegetable serves (0.8 ˘ 1.3) and reduced usage of full-fat milk (´21%),
cheese (´12%) and meat products (´17%). Qualitative interviews highlighted beneficial changes
in food purchasing habits. Future studies need more effective methods of recruitment to engage
families in the intervention. Once engaged, families made small incremental improvements in their
diets. Evaluation indicated that feedback on diet and CVD risk factors, dietetic counselling and the
resources provided were appropriate for a program of this type.
Keywords: cardiovascular diseases; diet; health education; prevention
1. Introduction
The World Health Organization reported that 17.5 million deaths were attributed to cardiovascular
disease (CVD) in 2012 [1]. CVD risk factors include non-modifiable and modifiable factors,
including genetic predisposition, metabolic conditions and lifestyle behaviors [2]. Offspring of parents
with CVD are at increased risk due to shared genetic profiles and lifestyle behaviors [3]. In the
Framingham Study, offspring with at least one parent with premature CVD had an increased
age-adjusted risk of 2.3–2.6 (odds ratio) of developing CVD [4]. The Bogalusa study found that children
with at least one parent with coronary artery disease (CAD) had a higher mean body mass index
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(1.22 kg/m2), total and LDL cholesterol (0.11 mmol/L, 0.14 mmol/L) and higher systolic blood pressure
(1.63 mmHg) compared than children with no parental CAD [5].
Dietary patterns are an important lifestyle factor influencing the development of CVD [6,7].
Dietary patterns and eating habits are fostered within families, with younger family members
modelling consumption patterns of older family members [3,8]. The Mediterranean diet is an eating
pattern associated with lower risk of CVD [6], and the Portfolio diet has been shown to be efficacious
in lowering CVD risk factors such as the ratio of total cholesterol to HDL cholesterol and serum
triglycerides [9,10]. The Mediterranean diet is high in vegetables, fruit, nuts and olive oil with
moderate intakes of fish [6]; the Portfolio diet combines foods with lipid-lowering efficacy such as
soluble fibers, plant sterols and nuts [7]. Both these food-group based dietary patterns have been
shown to be more effective in improving lipid profiles than diets that emphasize specific nutrient
intakes such as low fat or cholesterol diets [11,12] and these food based approaches form the basis of
current dietary guidelines for CVD prevention [13].
Families recruited into a dietary intervention study on the basis of one member having had an
adverse CVD event, or being assessed as at high risk of CVD, may be more receptive to changing
their diet. To test this hypothesis, the current study investigated: (1) the feasibility of recruiting and
retaining families at increased risk of CVD into a dietary intervention program targeting alignment of
existing eating patterns with heart health recommendations; (2) the dietary changes made; and (3) the
acceptability of the dietary CVD prevention program.
2. Experimental Section
Families were eligible to participate in the “Love your Food, Love your Heart, Love your Family”
(FHF) study if at least one member (index recruit aged 18–70 years) had experienced an adverse
CVD event or was classified as being at moderate-to-high risk using Australian cardiovascular risk
charts (aged 18–80 years) [14], had no other medical conditions affecting dietary intake, and had
internet access. Written informed consent was obtained from all family members, with those < 18 years
giving assent and having parental consent. Ethics approval was obtained from University of Newcastle
Human Research Ethics Committee (H-2012-0246) and the Hunter New England Human Research
Ethics Committee (HREC/12/HNE/140).
2.1. Study Design
The Protection Motivation Theory [15] proposes that health behaviors are the result of coping
responses to perceived threats of vulnerability and severity. The theory posits that individuals look at
the perceived benefits and usefulness of performing adaptive (helpful), and their confidence to perform
them. Therefore, the intervention sought to capitalize on the awareness of personal risk, incorporate
strategies to build self-efficacy for helpful tasks, and give meaningful feedback on performing the
recommended strategies.
The study was a pilot parallel group randomized controlled trial. Participating families were
stratified by sex of the index member, CVD event (stroke/ischemic heart condition) and time of event
(ď6 months, >6 months) and randomized in blocks of six using QuickCalcs Software [16] to either the
three-month intervention or feedback only control group, with assessors blinded to group allocation.
Subjects received group assignment via the next available sealed envelope within their stratification.
Recruitment, baseline and follow-up assessments took place from December 2012 to May 2014.
The intervention flow is summarized in Figure 1. After providing consent, families completed online
questionnaires on demographics, medical history, smoking, and usual eating patterns. Fasting blood
samples were analyzed for blood lipids prior to anthropometric assessments, and all individuals
received a personalized feedback booklet containing lipid test results, anthropometric measures,
and dietary intake analysis including macronutrient and micronutrient intakes and the percentage
energy contributed by core (nutrient dense) and discretionary (energy-dense, nutrient-poor) foods.
Randomization into intervention or control groups (feedback only) followed provision of the feedback
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booklet with those in the control group wait-listed for three months. Intervention group participants
each received one 45-min dietary counselling session with an accredited practicing dietitian (APD).
To ensure consistency of the intervention delivery, a resource booklet specific to the intervention and a
semi-structured education session for the counselling were used, which allowed for modification of
strategies to cater for families’ unique needs. Participants were asked to increase their intake of specific
foods to more closely align with targets. The dietary intake targets used in the current intervention
included: up to two serves (60 g) of nuts per day; 2–3 daily serves (2–3 g) of plant sterols; up to
five daily serves (15 g) of soluble fibers; up to seven daily (42 g) serves of soy proteins; 2–3 serves
of fish per week (170–450 g, dependent on fish type); up to seven serves (approximately 650 g) of
legumes/pulses/lentils per week. Unsaturated fats were promoted whilst reducing saturated fats, as
well as low-sodium food choices and general healthy eating guidelines [17].
Figure 1. Intervention flow chart for study participants. Families randomized to the control group had
the option of undergoing the intervention once the control period was completed.
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2.2. Dietary Change Measures
Dietary intake was assessed as frequency of usual intake over the past six months using
the validated Australian Eating Survey (ě18 years) (AES) and Australian Child and Adolescent
Eating Survey (ACAES), 120 item semi-quantitative food frequency questionnaires (FFQs) [18,19].
Nutrient intakes were computed using FoodWorks version 4.00.1158 [20] and the Australian AusNut
1999 nutrient database (All Foods, Revision 17) and AusFoods (Brands, Revision 5). Foods specific
to the Mediterranean [6] and Portfolio diets [7] not included within the AES and ACAES were
measured using a 72 question semi-quantitative FFQ that was specifically developed to assess intake
of plant sterols, viscous fibers, soy proteins and provide specific details about fat type, sodium,
legumes, nuts and fish intakes. The study-specific FFQ was comprised of 18 food habit questions
and 35 intake questions with stated serve sizes aligned to the Australian Dietary Guidelines [21],
Heart Foundation recommendations [22], or as natural portion sizes and 19 questions with portion
size stated as “1 serving”.
2.3. Qualitative Measures to Assess Feasibility, Dietary Changes and Program Acceptability
All adult family members completing the intervention were invited by post to participate in a
semi-structured telephone interview. Areas of enquiry explored by interview included motivation
to participate, barriers to healthy eating and dietary changes made. Individuals were interviewed
by a female research team member (TS) 1–6 months (mean 1.5 months) post completion using a
semi-structured discussion framework developed by the researchers. Probes and prompts were used
to expand and clarify responses. The interviews were digitally recorded with the participants’ consent
and transcribed verbatim. A computer program (NVIVO 10) was used to assist with the organizational
aspects of data analysis. Qualitative analyses were conducted by an independent experienced
qualitative researcher who was not part of the research team to reduce bias and ensure accuracy
of themes identified. All index participants were asked to complete a process evaluation questionnaire
after completing the three-month intervention. Questions were in regards to the suggested foods and
eating patterns, resources provided, changes in behavior and general feedback.
2.4. Other CVD Related Health Measures
Participants’ height and weight were measured in light clothing to 0.1 cm and 0.1 kg, respectively
using the Biospace BSM370 Automatic BMI Scale Stadiometer (Biospace Co. Ltd., Seoul, Korea).
Waist circumference was measured at the narrowest point between the lower costal (10th rib) border
and the top of the iliac crest using a non-extensible steel tape (KDFS10-02, KDS Corporation, Osaka,
Japan). Brachial and central blood pressure and arterial stiffness measures (augmentation index) were
obtained with the Pulsecor Cardioscope II (Pulsecor Ltd., Auckland, New Zealand) using WelchAllyn
FlexiPort reusable blood pressure cuffs. Participants were seated for five minutes before the first
measurement occurred, and repeat measures were taken at two-minute intervals. Participants under
the age of 18 years were also provided with a familiarization trial measure to reduce potential anxiety
associated with this measurement. Physical activity in adults was assessed using the International
Physical Activity Questionnaire long form (IPAQ) for the previous seven days.
Blood samples were assayed for markers of insulin resistance, inflammation and blood lipid
concentrations (see Table 1) from adult family members after an overnight fast by trained phlebotomists
and analyzed at a single accredited (National Association of Testing Authorities) pathology service.
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Table 1. Baseline characteristics of the Love your food, Love your heart, Love your family study
participants, inclusive of 15 families, presented as mean ˘ standard deviation, except where indicated.
Children (<18 years) Adults All adults
100% Female (n = 3) Males (n = 20) Females (n = 21) (n = 41, 100%)
Age (years) median
(p25–p75) 12.9 (7.9–16.7) 59.4 (46.0–67.8) 56.6 (42.7–64.0) 59.0 (42.7–66.5)
Height (cm) 151.1 ˘ 22.0 174.8 ˘ 6.1 162.8 ˘ 6.2 168.6 ˘ 8.6
Weight (kg) 41.9 ˘ 15.1 87.7 ˘ 15.6 75.9 ˘ 18.9 81.6 ˘ 18.2
BMI (kg/m2) 17.8 ˘ 2.1 28.7 ˘ 5.1 28.6 ˘ 7.2 28.7 ˘ 6.2
Waist (cm) 60.7 ˘ 6.5 99.5 ˘ 15.1 86.9 ˘ 12.2 93.1 ˘ 14.9
Brachial BP (mmHg)
systolic 100.3 ˘ 7.4 a 121.3 ˘ 15.6 114.3 ˘ 15.0 117.7 ˘ 15.5
diastolic 63.5 ˘ 7.1 a 71.8 ˘ 6.7 71.7 ˘ 7.8 71.7 ˘ 7.2
Central BP (mmHg)
systolic 91.8 ˘ 7.4 a 114.1 ˘ 16.2 109.0 ˘ 14.7 111.5 ˘ 15.5
diastolic 65.3 ˘ 6.0 a 73.5 ˘ 7.0 72.8 ˘ 7.9 73.1 ˘ 7.4
Arterial stiffness 43 ˘ 11 a 75 ˘ 34 86 ˘ 35 81 ˘ 35
Level of physical activity b
Low N/A 10% (n = 2) 19% (n = 4) 15% (n = 6)
Moderate N/A 60% (n = 12) 62% (n = 13) 61% (n = 25)
High N/A 30% (n = 6) 19% (n = 4) 24% (n = 10)
Smoking status
Current N/A n = 2 (10%) n = 0 (0%) n = 2 (5%)
Previous N/A n = 4 (20%) n = 7 (33%) n = 11 (27%)
Blood biomarkers
Triglycerides (mmol/L) N/A 1.3 ˘ 0.6 1.4 ˘ 0.9 1.3 ˘ 0.8
TC (mmol/L) N/A 4.5 ˘ 1.1 5.3 ˘ 1.1 4.9 ˘ 1.2
LDL (mmol/L) N/A 2.7 ˘ 1.1 3.3 ˘ 1.1 3.0 ˘ 1.1
HDL (mmol/L) N/A 1.2 ˘ 0.3 1.5 ˘ 0.3 1.3 ˘ 0.4
Total: HDL ratio N/A 3.9 ˘ 1.5 3.8 ˘ 1.0 3.9 ˘ 1.2
BGL (mmol/L) N/A 5.0 ˘ 0.5 5.2 ˘ 0.8 5.1 ˘ 0.6
Insulin (IU/L) N/A 8.8 ˘ 4.6 7.0 ˘ 3.4 7.9 ˘ 4.1
hsCRP (mg/L) N/A 3.0 ˘ 3.4 2.4 ˘ 2.4 2.7 ˘ 2.9
ALT (U/L) N/A 32.6 ˘ 10.8 22.5 ˘ 16.1 27.4 ˘ 14.5
AST (U/L) N/A 30.0 ˘ 8.4 27.4 ˘ 25.8 28.7 ˘ 19.2
GGT (U/L) N/A 28.0 ˘ 16.4 25.7 ˘ 25.6 26.8 ˘ 21.4
Abbreviations: BMI—Body mass index; Waist—waist circumference; BP—blood pressure; TC—total cholesterol;
LDL—LDL cholesterol; HDL—HDL cholesterol; BGL—blood glucose level; hsCRP—high sensitivity C-Reactive
Protein; a n = 2; b As categorized by the International Physical Activity Questionnaire.
Recruitment and retention data were measured as those enrolling and completing the intervention
and by qualitative interview. Changes in dietary intakes, as measured by FFQ, are presented as
mean ˘ standard deviation for normally distributed data and median (p25–p75) for non-normal data.
An intention-to-treat analysis was used with last observation carried forward for missing data. As this
was a feasibility trial, power calculations were not performed. Dietary intake themes from qualitative




Twenty-one index participants enrolled with their families, totaling 59 participants across three
generations. Fifteen families were retained until randomization, consisting of 41 adults and three
children (Figure 2). Of the 39 adults who completed the main study, 16 adults from eight families (41%)
plus one child who turned 18 during the study participated in qualitative interviews (age range
18–70 years, 47% male). Five index participants were interviewed and one other had a diagnosed CVD
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condition. The interviews indicated participant motivations to join the study included a long-term
interest in improving diet, a desire to make positive changes in eating habits and health for self and
extended family, and having existing heart health issues. Individual participants identified a key
family member who drove their family’s involvement, who was not necessarily the person with a
CVD diagnosis.
Characteristics of the participants are summarized in Table 1. Sixteen participants (39%) reported
knowing they had elevated serum cholesterol levels, with 18 (44%) taking lipid lowering medication.
Twelve reported having high blood pressure (29%), with 17 (41%) on medication for this condition.
Twelve (29%) had arthritis, with six taking medication (15%) and one had type 2 diabetes (medicated).
Eleven of the 15 index recruits had experienced a prior CVD event; nine had been advised to attend
cardiac rehabilitation, with seven having attending.
3.2. Feasibility of Recruiting and Retaining Families
Recruitment using a variety of methods (Figure 2) resulted in 51 index participants being assessed
for eligibility over 16 months. Of 51 inquiries, 16 were not eligible and 14 did not return consent forms
with the majority of those not returning consent forms recruited from cardiac rehabilitation and stroke
units (n = 6) (Figure 2). Highest enrolment rates came from word-of-mouth (50%). Retention rates
were highest (nine eligible, nine consented, seven completions) among those recruited from the Hunter
Medical Research Institute volunteer register and media releases, and lowest among those recruited
from cardiac rehabilitation classes or stroke units (11 eligible, five consents, two completions).
Figure 2. Flow chart showing the recruitment strategies used and number of participants assessed for
eligibility and study retention.
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3.3. Nature and Extent of Dietary Changes Made
Baseline dietary intakes indicate that 63 ˘ 10% of energy came from nutritious, low energy-density
(core) foods and 37 ˘ 10% from energy-dense, nutrient-poor (discretionary) foods. There was no
difference in reported total energy intake at baseline between the adults or children completing the
study and those who did not (p = 0.34 and p = 0.32 respectively). Analysis of dietary intakes and key
components of the Mediterranean and Portfolio Diets are summarized in Table 2. Mean time between
baseline and follow up was 4.5 months (˘1.1). Table 3 summarizes foods habits relating to CVD health
and highlights reductions in full-fat types of dairy and meat products usually eaten in the intervention
group. Results at three-month follow up indicate that both groups made changes to their dietary
intakes. The proportion of energy from core food groups showed improvement, as did daily vegetable
intakes (Table 2).
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Results from the qualitative interviews indicate that prior to program involvement
14 of 17 participants rated the healthiness of their diet subjectively as 6–7 on an alpha-numeric rating
scale, where 10 represents the most healthy. Only two participants rated their pre-study diets as
below average at three out of 10. Participants appeared to use a cognitive balancing of ‘good’ versus
‘bad’ aspects of their diet to justify their ratings of their usual intake pre-study. Dietary habits they
acknowledged as reducing their ‘healthiness rating’ included the consumption of fatty meats, low
vegetable intakes, and snacking on sugary foods between meals. Dietary habits perceived as increasing
their ‘healthiness rating’ were cutting back on red meat by eating chicken and fish, and exercising
‘dietary moderation’ described as ‘nothing in excess’. These habits were perceived by some as making
their diet healthier relative to a subjective ‘average’ to which they mentally compared their intakes.
Although almost a third of participants acknowledged little change to the healthiness of their diet
post-study due to persistence of major barriers (e.g., partner reluctance, personal preference and taste),
the majority reported having made permanent changes to their dietary intake and food habits. Some
households reported a subjective rating improvement of 2–3 out of 10 post-program participation,
suggesting substantial changes were made.
These improvements were attributed to increased knowledge and awareness due to program
participation and appeared to inspire greater experimentation with healthier options and purchasing
of foods reflecting increased variety and nutritional quality.
“I decided I would make a lovely rice dish, and I put in some slivered almonds and a couple of herbs and
some garlic and it was lovely, and a little bit of soy sauce...I think the main thing is, after this study, was just
variety. Like, if I was to make a rice dish before that I wouldn’t have thought to add in nuts.”
Further examples of dietary improvements given were less impulsive food shopping, more variety
in fruit and vegetable selection, lower sugar and fat options, use of legumes, lentils and soy
products, healthier meat options, and elimination of energy-dense, nutrient-poor foods. For all
participants, including those reporting little or no change in their diet post-study, involvement in the
project appeared to have increased awareness of the different components of their diet. Examples
given included the proportion of energy from discretionary foods, foods with a healthy heart tick,
the healthiness of different types of fat, an increased awareness of processed foods and the importance
of small changes. Indeed, one participant who only reported slight changes in his diet following
the study described the cumulative impact of these small changes as evidence of a shift in his food
behaviors and preferences:
“I just cut out more of the bad stuff, like I’m sort of thinking it was only marginal changes I made.
Look when I ate poorly like snacks and things like that, I'd probably eat too much. Whereas when I have a snack
or a treat now, actually I find that I can’t eat as much anyway of it. I think my taste buds have changed a little
bit. But again from the converse side of things, previously when I probably didn’t eat as much good food. I’m
eating more good food now...It’s just those marginal shifts.”
3.4. Acceptability of Program to Align Current Eating Patterns with Recommendations
Eleven of the 15 index participants (73%) returned program evaluation forms. These participants
all agreed or strongly agreed that this type of diet was relevant to them, but they had mixed responses
regarding the ease of integration into their lives (55% positive, 18% negative, 27% neutral). Six (55%)
felt it impacted negatively on grocery costs. Ten participants (91%) agreed or strongly agreed they
would recommend this type of eating pattern to people in a similar situation (n = 1 neutral). Ten (91%)
found the resource booklet easy to read and the information easy to understand, with the remainder
(n = 1) answering neutral to both questions. Nine of the eleven participants (82%) read the booklet
2–3 or ě3 times, with two participants (18%) reading it once. The individualized feedback booklets
were similarly valued with eight participants (73%) reading it 2–3 or ě3 times and three participants
(27%) reading it once.
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4. Discussion
The current study investigated whether families could be recruited and retained in a family
CVD prevention program that was based on the Mediterranean and Portfolio eating patterns.
Recruitment was challenging, with only 15 of 35 eligible families who initially expressed interest,
engaging with the study through to the randomization stage. However, once randomized, the majority
of these families completed the intervention. Those responding to media releases about the study
and volunteer register invitations were more likely to be retained. Of interest is that amongst those
families completing the trial, a key family member was found to drive the involvement and retention
of the family. While overall dietary patterns were unaltered, participants made small, but incremental
dietary changes, such as reducing discretionary foods and selecting fat-reduced versions of milk and
cheese and fat-trimmed meats. Participants reported an increased awareness of their food habits
and knowledge of food following the personalized dietary counselling they received from the study
dietitian about their usual food and nutrient intakes. Evaluation of the program found that although
participants noted some negatives, such as increases in grocery costs, these may have been offset
by reductions in costs associated with takeaway foods. Evaluation of food costs in future studies is
required. Participants used the resources and dietary feedback provided on multiple occasions and
reported they would recommend the program to others in a similar situation.
A clear barrier to recruitment occurred between confirming eligibility of the index participant and
the returning of consent forms from the family group, as shown by the limited number of returned
consents (n = 14) at this stage. This suggests that persuading a family member to participate was
a substantialbarrier. An additional seven interested participants were deemed ineligible because they
could not identify a family member to accompany them in the study. A larger Canadian family-based
study had a similar focus, but recruited at-risk family members (n = 426) through in-patients from
a tertiary care cardiac center [23]. While this study was able to randomize a greater proportion of their
eligible participants, it had a 26% loss to follow-up. Recruiting using these methods may capitalize on
a teachable moment, and lead to a change in lifestyle intentions [24], but does not necessarily imply
a willingness to make permanent lifestyle changes amongst family members.
The lack of perceived CVD risk amongst those with actual increased risk is a significant barrier
to program uptake as identified in the current study. The Protection Motivation Theory, on which
the current study is based, identifies that a perception of risk must be present before any change
in behavior can occur [15]. However, risk of CVD events is often poorly perceived by those with a
confirmed family history of CVD, and may not be sufficient to change or act on intentions suggesting
other motivators are required [25]. In the current study, some individuals lacked understanding of
their medical risk factors, evidenced by the large proportion who were currently taking medications for
lipid lowering or blood pressure control, but who did not identify when asked whether they had these
conditions or any medical problems. Addressing appropriate awareness and management of risk is
likely to be an important component in engaging people in CVD prevention programs. Future studies
should consider identifying and engaging a key family member capable of influencing other family
members. The recruitment approach for this study used the index person as the primary contact for
the family in the first instance, but it may have been more advantageous to allow a key family member
to engage on behalf of the high-risk participant.
The dietary components of this study were modelled on the Mediterranean and portfolio eating
patterns as these have been shown to be efficacious in reducing CVD risk. Participants commencing
the study reported dietary patterns that did not align well to these eating patterns and had higher than
recommended intakes of discretionary food choices. Comparison of the dietary intakes of participants
in the current study to data from the 2011–2012 Australian Health Survey (AHS) [26] indicates that this
group were consuming higher energy intakes compared to the national average of 8672 kJ (value also
obtained from 24-h recall), both before and after the intervention, while the proportion of energy
from discretionary food choices was similar at 34.6% of total energy for adults. The macro-nutrient
contributions appeared unchanged by the intervention and appears comparable to the national average,
225
Nutrients 2015, 7, 7042–7057
although small differences can be seen between the control and intervention groups. There was no
apparent change in saturated fat intakes as analyzed by the FFQ, although questions on dietary habits
(Table 3) indicate that saturated fat may have been decreased through the choosing of different cuts of
meats. Within both this study and in a study of 426 family members of coronary artery disease patients
by Reid et al. [23], participants were only able to make small increases in intakes of vegetables, showing
this to be an area to be addressed in future work. Individually tailored dietary counselling immediately
after personal dietary and risk biomarker feedback in the current study resulted in favorable changes
in terms of selecting lower fat dairy products and fat-trimmed meat products, which may be due to
capitalizing on the teachable moment the personalized feedback helped to facilitate. A possible strategy
to enhance adherence in future studies includes the provision of feedback in an educational context,
based on measured anthropometrics and blood lipids at an interim stage following initial dietary
modifications, instead of at the end of the study as given here which may have increased motivation.
Participants were contacted by a single telephone call during the three months follow-up period to
discuss any difficulties they had encountered and to encourage maintenance of dietary changes made.
This level of engagement was chosen and was comparable to a longer study by Jenkins et al. [27],
which showed that more intensive follow-up did not greatly improve adherence in this type of diet.
The limitations of the current study include the recruitment of a small non-representative sample
of families who volunteered. There may have been a seasonality bias influencing the reported dietary
intakes impacting on both the control and intervention groups. The dietary modifications made may
not be sufficient to show clinically important and statistically significant changes in serum lipids in the
short term, but may benefit the individuals if continued long term [28] and a larger study with longer
follow-up would be needed to evaluate this.
5. Conclusions
While the goal of primary prevention is to avert disease in high-risk individuals, the current
study highlights there is little motivation to participate in CVD prevention programs when risk is
poorly perceived and therefore insufficient to prompt behavior change. The program structure in the
current study demonstrated promising results, but the challenges of recruitment need to be overcome.
Once engaged, families were willing and able to make small incremental change in their dietary
choices associated with CVD risk reduction in the long-term. Further research is needed to identify
CVD-related motivators of dietary change, particularly those that engage individuals and have the
ability to engage all family members in improving health behaviors.
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Abstract: Background: macronutrient intake has been found to affect sleep parameters including
obstructive sleep apnoea (OSA) in experimental studies, but there is uncertainty at the population
level in adults. Methods: cross-sectional analysis was conducted of participants in the Men Androgen
Inflammation Lifestyle Environment and Stress cohort (n = 784, age 35–80 years). Dietary intake was
measured by a validated food frequency questionnaire. Self-reported poor sleep quality and daytime
sleepiness were measured by questionnaires. Overnight in-home polysomnography (PSG) was
conducted among participants with without previously diagnosed OSA. Results: after adjusting for
demographic, lifestyle factors, and chronic diseases, the highest quartile of fat intake was positively
associated with excessive daytime sleepiness (relative risk ratio (RRR) = 1.78, 95% CI 1.10, 2.89) and
apnoea-hypopnoea index (AHI) ě20, (RRR = 2.98, 95% CI 1.20–7.38). Body mass index mediated the
association between fat intake and AHI (30%), but not daytime sleepiness. There were no associations
between other intake of macronutrient and sleep outcomes. Conclusion: high fat is associated with
daytime sleepiness and AHI. Sleep outcomes are generally not assessed in studies investigating the
effects of varying macronutrient diets on weight loss. The current result highlights the potential
public health significance of doing so.
Keywords: macronutrient intake; fat intake; apnoea hypopnea index; polysomnography;
daytime sleepiness
1. Introduction
A body of evidence has shown the associations between macronutrient intake and sleep
parameters, however, with inconsistency. Carbohydrate, particularly with high glycaemic index
(GI) was associated with faster sleep onset in healthy young men [1] but was associated with increased
total arousal in children compared with low GI [2]. Low intake of protein (<16% vs. ě16%) has been
shown to be associated with difficulty in initiating sleep, but high intake of protein (ě19% vs. <19%)
has been shown to be associated with difficulty maintaining sleep in middle-aged Japanese workers [3].
A fatty meal was found to aggravate apnoea in patients (overweight or obese) with obstructive sleep
apnoea (OSA) [4]. A newly published randomized-crossover study by St-Onge’s group found that low
fibre and high saturated fat and sugar intake was associated with lighter sleep with more arousals in
young and middle-aged healthy adults [5]. However, other studies suggested no association between
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fat intake and sleep quality [6] or insomnia symptoms [3]. Although the inconsistent results may
be attributed to a variety of study designs, uncertainty remains regarding the association between
macronutrient intake and sleep in the current literature.
Studies that investigate the associations between macronutrient intakes and sleep parameters
(objective measurements) at the population level in the community setting are desired. One study in
Caucasian and Hispanic adolescents (n = 319) found that total fat intake was negatively associated
in girls but positively associated in boys with rapid eye movement sleep [7]. However, there are no
similar studies in adults. In this study, we aimed to assess whether macronutrient intake was associated
with Apnoea-hypopnea Index (AHI) and self-reported sleep symptoms in community-dwelling
middle-aged men at the population level under non-experimental conditions.
2. Methods
2.1. Study Population
The Men Androgen Inflammation Lifestyle Environment and Stress (MAILES) cohort study was
established in 2009, to investigate cardio metabolic disease risk factors in relation to sex steroids,
inflammation, environmental and psychosocial factors in men. A detailed cohort profile has been
published previously [8]. Briefly, the study population consists of 2563 community dwelling men
aged 35–80 years at baseline (MAILES stage 1) from the harmonisation of two population cohort
studies: all participants from the Florey Adelaide Male Ageing Study (FAMAS) (2002–2005) [9] and
eligible male participants from the North West Adelaide Health Study (NWHAS) (2004–2006) [10].
The MAILES stage 2 (2007–2010) was an approximate five-year follow-up consisting of a Computer
Assisted Telephone Interview (CATI), questionnaires and biomedical examinations. In total, 1815 men
completed the dietary intake during stage 2.
MAILES stage 3, conducted in August 2010, consisted of a CATI including sleep related questions
(n = 1629). The 184 who answered “yes” to the question “Have you ever been diagnosed with OSA
with a sleep study” were excluded from participating in the sleep sub-study, and the 1445 men who
answered “no” to the question were further asked if they were willing to participate in the sleep
study (75.2% agreed). Of these, a random sample of 1087 was chosen for inclusion. A total of 857
had home based PSG (Figure 1 [11]), and 837 of them had final valid measurements and became the
study population in this paper aimed at examining the association between macronutrient and AHI.
Self-selection bias was examined by comparing those who underwent a sleep study with those men
in the MAILES cohort who did not. Sleep study participants did not differ from non-participants in
daytime sleepiness, waking frequency and obesity level but they were younger, and more likely to
report frequent snoring and better general health [11]. Ethics approval was obtained from the Queens
Elizabeth Hospital Human Ethics Committee for the NWHAS study (number 2010054) and the Royal
Adelaide Hospital Human Research Ethics Committee for the FAMAS study (number 020305h).
2.2. Macronutrient Intake Assessment
Dietary intake was measured by the Cancer Council Victoria Diet Questionnaire for
Epidemiological Studies (DQES-V3.1 (FFQ)). The FFQ has been validated in an Australian population
and is widely used in epidemiological studies [12]. The questionnaire asks the participant’s habitual
consumption of 167 foods and six alcohol beverages over the previous 12-month on a 10-point
frequency scale. Additional questions were asked about the type of breads, dairy products and fat
spreads used. Macronutrient intakes were computed from the dietary data by the means of the
nutrient composition tables in the NUTTAB95 database (Food Standards Australia New Zealand,
Canberra, Australia, 1995).
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Figure 1. The flow chart of study participants with dietary intake (MAILES stage 2) and MAILES
stage 3 with PSG recruitment * n = 21 total sleep time (TST) not ě3.5 h from ě5 h recording; n = 3 poor
respiratory signals; n = 2 poor EEG; n = 14 no oxygen saturation (SaO2); n = 3 all traces/recording
failed. ** Includes 20 successful and 3 failed second PSG of which one was successfully reperated at a
third time (this flow chart with instructions for PSG recruitment has been published previously [11]).
2.3. Sleep Assessments
Sleep measurements consisted of subjective (CATI and self-reported questionnaires) and objective
(in-home PSG) approaches. Self-reported data included: (1) the STOP (snore, tiredness during daytime,
observed apnoea and high blood pressure) questions [13]; (2) the Pittsburgh Sleep Quality Index (total
score ranged from 0 to 21, a score >5 indicates poor sleep quality) [14]; and (3) sleepiness asked by
the question “Do you feel sleepy when sitting quietly during the day or early evening? (1) yes (2) no
(3) sometimes”.
AHI was measured by a single overnight in-home PSG with Emblettas X100 portable sleep
device [15]) and manually scored by an experienced sleep technician according to the 2007 American
Academy of Sleep Medicine criteria (alternative) [16].
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2.4. Other Measurements
Information on education, marital status, income, work status, physical activity, smoking,
shift-work, and chronic diseases were collected by questionnaires [8]. Medication use was obtained
from Medicare Australia by confidential unit record linkage, classified according to the Anatomical
Therapeutic Chemical (ATC) Classification. The number of distinct medication classes (at the ATC
third level) six months before clinical examination were treated as covariates.
Body weight was measured in light indoor clothing without shoes to the nearest 100 g. Height was
measured without shoes to the nearest mm using a stadiometer. Waist circumference was measured
to the nearest mm, midway between the inferior margin of the last rib and the crest of the ilium,
in the mid-axillary line in a horizontal plane. Blood pressure was measured twice using a mercury
sphygmomanometer on the right upper arm of the subject, who was seated for five minutes before
the measurement.
2.5. Statistical Analysis
Macronutrient (carbohydrate, protein and fat) intakes (g) were recoded into quartiles (Q1–Q4).
Chi square test was used to compare difference between categorical variables, and ANOVA was used
to compare differences in continuous variables between groups. The association between quartiles
of macronutrient intake and self-reported sleep (snoring and poor sleep quality) was assessed using
Poisson regression. Multinomial logistic regression analysis was used to test the association between
macronutrient intake and self-reported sleepiness (“yes”, “sometimes” and “no”), as well as the
association between macronutrient intake and AHI. AHI was divided into three categories: low (<5),
medium (5–19) and high (ě20). Using low level and the lowest quartile (Q1) of each macronutrient
intake as the reference group, multivariate-adjusted associations were performed: (1) model 1 adjusted
for age; (2) model 2 further adjustments for education, smoking, alcohol intake, physical activity
and shift-work; (3) model 3 further adjustments for waist circumference, diabetes, depression and
medication. We did a sensitivity analysis by further adjusting for energy intake in model 4. Structural
equation modelling (SEM) was used to test whether body mass index (BMI) mediates the association
between macronutrient intake and AHI (treated as continuous variable) and daytime sleepiness
(“yes” was assigned with value 2, “no” was assigned with value 0, “sometimes” was assigned with
value 1, and treated as continuous variables). Direct and indirect effects were estimated using command
“estimate teffects”. Linear trend across quartiles of each macronutrient intake was tested using
the median value of each macronutrient intake (g) at each quartile and treating it as a continuous
variable in the model. All statistical procedures were performed using STATA 13.0 (Stata Corporation,
College Station, TX, USA).
3. Results
Overall, 1815 participants with dietary intake were analysed, of whom 837 without a prior
diagnosis of OSA underwent successful sleep studies and 784 completed the dietary intake.
Demographic characteristics by quartiles of each macronutrient intake of the participants are presented
in Table 1. The mean age of the participants was 59.7 (SD 11.4) years. Characteristics of PSG participants
with dietary intake are presented in Table S1.
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Univariate analysis results between macronutrient intake and AHI and self-reported sleep
parameters are presented in Table 2. No association was found between carbohydrate or protein
intake and AHI. High intake of fat was positively associated with high AHI and self-reported daytime
sleepiness. The prevalence of sleepiness was 46.4% and 37.0% among those with highest and lowest
quartiles of fat intake. The distribution of AHI was significantly different across quartiles of fat intake
with high fat intake associated with high AHI.
The prevalence ratio of self-reported sleep parameters (relative risk ratio for sleepiness) across
quartiles of macronutrient intake is presented in Table 3 and Figure S1. After adjusting for age,
waist circumference, education, lifestyle factors (smoking, alcohol intake, physical activity and shift
work), chronic diseases and medication, the highest quartile of fat intake was positively associated with
daytime sleepiness. Compared with the lowest quartile, the highest quartile of fat intake had a relative
risk ratio (RRR) of 1.78 (95% CI 1.10–2.89) for daytime sleepiness (p for trend across quartiles was 0.305).
When further adjusted for total energy intake, the association was no longer significant. There were no
associations between macronutrient intakes and other self-reported sleep parameters. The RRR for
AHI using multinominal logistic regression are presented in Table 4 and Figure S2. After adjusting for
age, waist circumference, lifestyle factors, chronic diseases and medication, fat intake was positively
associated with high AHI (ě20/h) (Q4 vs. Q1, RRR 2.98 (95% CI 1.20–7.38) (p for trend across quartiles
was 0.046 across quartiles). Similarly, the association was not significant after further adjusting for total
energy intake. BMI mediated 30% of the association between fat intake and AHI (direct effect 0.07,
indirect effect 0.03, p < 0.05) (Table S2 and Figure S3). However, BMI did not mediate the association
between fat intake and daytime sleepiness (Table S3).
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4. Discussion
To the best of our knowledge, this is the first study to assess the association between macronutrient
intake and sleep in a large population based cross-sectional study using objectively measured
polysomnography. We found that high intake of fat was associated with daytime sleepiness and
high AHI. The associations between fat intake and AHI was mediated by BMI.
Although the mechanism of the associations between macronutrient intake and sleep parameters
is yet to be clear, some possibilities have been suggested by previously published work. Sleep can
be regulated by various hormones that is induced by food intake through communications between
hypothalamus and the brain [17]. Both dietary carbohydrates and protein can affect tryptophan
metabolism through the availability tryptophan uptake into the brain via the blood brain barrier [18].
Regarding the mechanism of fat intake and sleep parameters, it is suggested that fat may affect sleep
by altering circadian regulation of hormonal, central nervous and metabolic systems [19].
We found a positive association between high fat intake and daytime sleepiness. Early experimental
studies showed that both infusion of lipid into the small intestine and isoenergetic meals may cause a
decline in alertness and concentration [20]. Wells et.al have shown that healthy young subjects felt
sleepier and less awake 2–3 h after a high-fat-low-carbohydrate meal [21]. Although carbohydrate rich
meals have been demonstrated to be associated with postprandial lassitude [22], a greater decline
was seen in high fat intake [20]. Other laboratory evidences suggested the potential role of gut
neuro hormones in promoting hypnogenesis through vagal activation which essentially triggers
fatigue [23–27]. However, we did not have data on the timing of fat intake, and dietary data collection
was prior to sleep measurements, so the immediate effect of sleepiness of high-fat diet was not able to
be assessed. Long-term high fat intake may lead to elevated levels of leptin and decreased levels of
ghrelin [28], which could regulate arousal and wakefulness via orexin [29]. Increased sleepiness was
observed in mice with high-diet fed induced obesity [30]. In large scale studies, positive associations
between obesity and excessive daytime sleepiness has been reported [31,32]. This is consistent with
our data that participants in the obese group had a higher risk of daytime sleepiness after adjusting for
lifestyle factors (Table S4). However, obesity does not seem to be a mediator of the association between
fat intake and daytime sleepiness (Table S3).High fat intake was also found to be associated with a high
level of AHI (ě20/h) in this study, after adjusting for age, waist, lifestyle factors, chronic diseases and
medication. Similarly, previous experimental studies found a fatty meal the night before bed would
increase AHI in OSA patients [4]. Long-term effect of high-fat diet on AHI is not clear. In non-obese
rats, high-fat fed diet increases apnoea, and this could be reversed and prevented by a low dose
injection of metformin (a drug for insulin resistance) [33]. This may suggest that insulin resistance
induced by high fat diet may be one of the mechanisms leading to increased AHI, but was dependent
on body weight. In patients with type 2 diabetes, AHI (ě30/h) was associated with higher BMI [34].
Obesity has been suggested as one of the main risk factors of sleep apnoea [35] in the literature. In our
study, being obese was strongly associated with higher AHI compared with non-obese participants
(Table S5). Our mediation modelling suggests that the direct effect of BMI on AHI was about five
times stronger than the effect from fat intake, and about 30% of the effect on AHI comes from BMI
(Table S2 and Figure S3).
Regarding energy intake, higher energy intake was associated with high level of AHI in our study
(Table S5), and our sensitivity analysis suggested that it was a confounder in the association between
fat intake and AHI and daytime sleepiness. However, energy intake estimated from self-reported
dietary intake has been suggested to be less accurate [36]. Moreover, soft drink and alcohol were not
included in the energy intake calculation in our study.
The main merits of this study are: (1) it is the first investigation of the association between
macronutrient intake and PSG measured sleep parameters as well as self-reported sleep problems
in a relatively large sample; (2) we were able to adjust for a wide range of covariates including age,
waist circumference, energy intake, education, smoking, alcohol intake, physical activity, shift work,
depression, diabetes and medication.
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Several limitations in our study need to be acknowledged. Firstly, asynchronous exploration
between macronutrient and sleep were performed due to the mismatch of time of the PSG study
and dietary survey. Secondly, due to the nature of the cross-sectional study, causation cannot be
made. Thirdly, because the study only involved men, the findings may not be generalised to women.
In addition, we only conducted one overnight PSG assessment as it is not practical to have multiple
night PSG assessments in large epidemiological studies. Despite objective sleep measurement, dietary
intake was estimated by FFQ, rather than 24-h food recall or actual weighing. 24-h food recall provides
meal specific food intake information, which has been suggested to be associated with circadian
adaption [37]. However, it is impractical to conduct 24-h food recall in studies with large sample size,
and 24-h recall does not capture a long term dietary habit as FFQ does.
In conclusion, high fat intake was associated with daytime sleepiness and high AHI. BMI mediates
the association between fat and AHI but not daytime sleepiness. Although a public health benefit is
suggested, future studies are needed to confirm the findings at the population level.
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Abstract: Previous research has found an association between being overweight and short sleep
duration. We hypothesized that this association could be modified by a high carbohydrate (HC)
diet and that the timing and type (starch or sugar) of intake may be an important factor in this
context. Participants in the prospective, eight-country European study IDEFICS were recruited from
September 2007 to June 2008, when they were aged two to nine years. Data on lifestyle, dietary
intake and anthropometry were collected on two occasions. This study included 5944 children at
baseline and 4301 at two-year follow-up. For each meal occasion (morning, midday, and evening),
starch in grams and sugar in grams were divided by total energy intake (EI), and quartiles calculated.
HC-starch and HC-sugar intake categories were defined as the highest quartile for each meal occasion.
In a mutually adjusted linear regression model, short sleep duration as well as HC-starch in the
morning were positively associated with body mass index (BMI) z-scores at baseline. HC-starch at
midday was positively associated with body mass index (BMI) z-scores in children with short sleep
duration, and negatively associated with BMI z-scores in those with normal sleep. After adjustment
for baseline BMI z-scores, associations between total HC from starch or sugar and high BMI
z-scores at two-year follow-up did not persist. Our observations offer a perspective on optimal
timing for macronutrient consumption, which is known to be influenced by circadian rhythms.
Reduced carbohydrate intake, especially during morning and midday meals, and following nocturnal
sleep duration recommendations are two modifiable factors that may protect children from being
overweight in the future.
Keywords: proportion carbohydrate intake at main meals; starch; sugar; childhood overweight;
nocturnal sleep duration; breakfast consumption
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1. Introduction
Childhood obesity is a serious threat to public health due to long-term consequences, including
chronic disease in early adulthood [1]. Overweight and obesity are believed to be preventable
conditions, although the issue of effective interventions for primary prevention is not well
understood [2] and increased knowledge of modifiable risk factors is needed [3].
Previous investigations have shown that reduced sleep duration is associated with overweight
in children and adolescents [4–6]. Nielsen et al. (2011) report on eight prospective cohort studies
of children, all of which confirmed a significant inverse association between hours spent sleeping
and future weight gain or development of obesity [4]. Findings from a Belgian longitudinal study
confirmed that short sleep duration is associated with central adiposity [7]. Additionally, findings from
our own cohort, the Identification and prevention of Dietary- and lifestyle-induced health EFfects In
Children and infantS (IDEFICS) study, indicated that sleep duration and overweight were associated
cross-sectionally, but this association was no longer observed after adjustment for other behavioral
factors and for parental education [8].
Carbohydrate, i.e., digestible starch and sugar, is likely to play a significant role in energy balance
since it is the major macronutrient impacting blood sugar levels. Low carbohydrate intake is generally
defined as <130 g/day or <26% of total energy intake (EI), while 26%–45% of EI from carbohydrates
is considered to be moderate carbohydrate intake [9]. A carbohydrate proportion exceeding 45% EI
is considered to be moderately high and >60% of EI from carbohydrates is considered to be high,
although there is no clear established cut-off [10].
Relatively few studies have investigated the relationship between dietary carbohydrate intake and
energy balance in children. However, the Feeding Infants and Toddlers Study (FITS), conducted in the
USA, found that toddlers often have low intakes of fruits and green or yellow vegetables, consuming
instead a high amount of starchy foods from grains. The authors highlighted this as a potential focus
area for early overweight prevention efforts [11]. A study of Malaysian children found that the
percentage of total EI represented by carbohydrates was significantly higher in overweight/obese
children, compared with normal-weight children [12], suggesting that the proportion of EI from
carbohydrates may play a role in childhood obesity.
Breakfast is often high in carbohydrate from both starch and sugar. Furthermore, the relationship
between breakfast consumption patterns and overweight is not clear. Eating breakfast has long been
portrayed as important, possibly enabling control of overconsumption later in the day. Several studies
of breakfast-skipping behavior across European countries have shown that children who eat breakfast
have a lower BMI, compared with children who do not [13–16]. However, a 2010 systematic review
reported that breakfast consumption is associated with increased body weight in European children and
adolescents in observational studies but that causality was not demonstrated [17]. Brown et al. (2013)
concurred, stating that the proposed effect of consuming breakfast on obesity is not supported by
scientific findings [18].
Therefore, the aims of this study were to examine whether high intake of carbohydrate modifies
the association between short sleep duration and overweight, whether intake of starch and sugar
differ in this regard, whether the timing (morning, midday, and evening) of carbohydrate intake is
significant, and whether breakfast consumption, regardless of macronutrient composition, minimizes
the risk of overweight in a mutually adjusted model (see Figure 1). The study was conducted on a
geographically dispersed European sample participating in IDEFICS [19,20].
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Figure 1. Factors investigated with body mass index (BMI) z-scores. Eating breakfast has a negligible
relationship with carbohydrate (sugar and starch) intake during meals. Correlations range from ´0.11
(evening sugar) to 0.13 (morning sugar).
2. Methods
2.1. Participants
IDEFICS is a prospective cohort study with an embedded intervention, including eight centers in
Europe (Belgium, Cyprus, Estonia, Germany, Hungary, Italy, Spain and Sweden). From September
2007 to June 2008, 16,228 children aged two to nine years underwent the baseline investigation,
providing lifestyle and dietary pattern information, anthropometrics and biological samples.
Following recruitment, a community intervention with six key health messages was undertaken,
including: (1) increasing daily physical activity; (2) decreasing daily screen time; (3) increasing fruit
and vegetable intake; (4) drinking more water; (5) getting adequate sleep; and (6) being together with
family. From September 2009 to March 2010, the children participated in a follow-up examination.
During the baseline and follow-up examinations, parents or legal guardians provided written
informed consent for all examinations and the collection of biological samples, as well for analysis
and storage of personal data and collected samples. Survey centers in the eight countries collected
data according to standardized operating procedures and adherence to a predefined protocol.
All questionnaires were translated from English into the respective national language and then
back-translated into English at the respective study centers, in order to ensure accuracy of translations.
Detailed information on the study procedures is available in [19–21].
2.2. Assessment Of Main Exposures: High Carbohydrate Intake and Sleep Duration
Dietary intake was assessed by standardized 24-h dietary recalls (24-h), based on the responses of
parents or guardians (hereafter called “parents”) of participating children to the Self -Administered
Children and Infant Nutrition Assessment (SACINA). This computer-based instrument, previously
created for the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) study, was
developed for IDEFICS based on Young Adolescents’ Nutrition Assessment on Computer (YANA-C)
software [22,23]. The dietary recall part of the Self Administered Children and Infant Assessment
(SACINA) instrument presents, in an interactive menu, country-specific food items with photographs
of different portion sizes for the most common items, as well as probing questions regarding usual
combinations of foods such as cereal and milk. The information collected through the SACINA was
linked to Food Composition Tables (FCT) in order to calculate nutrient intake. The respective national
FCT was used in each country except Hungary, where the German FCT was used. Nutrients are
presented in standard units, grams and kilocalories (kcal), based on a standard FCT [24].
Data on diet and sleep were collected on all days of the week, including weekends. Most parents
completed one 24-h recall for their child, while a subset completed more than one recall. As parents
were not able to report on meals consumed at schools or kindergartens, an on-site school meal
assessment, using a predefined observation-recording template with standard portions, was carried
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out by a teacher or school employee. A complete 24-h recall included everything the children ate or
drank during their waking hours during one day. The 24-h recall allows for the calculation of energy
intake, the proportion of intake from each of the macronutrients, the proportion of carbohydrate kcal
from sugar and starch and hours of nocturnal sleep, hereby referred to as sleep. We defined short sleep
duration as less than 10 h, based on sleep recommendations for children [25].
We restricted the present sample to interviews recalling intake Monday through Thursday, as a
previous investigation on the same sample indicated that dietary intake on Friday lies between
weekday and weekend intake [8,26]. Therefore, to minimize heterogeneity we classified Friday as a
weekend day and excluded them. In cases with more than one dietary recall, only the first complete
weekday record of dietary intake was included in the analysis.
The SACINA instrument is structured around six meals without time parameters:
breakfast, mid-morning snack, lunch, afternoon snack, evening meal and evening snack. If an
additional snack was indicated in the interview, it was added to a previous snack in order to account for
all EI. However, five was the median number of meals consumed and only 20% of children exceeded
this number of meals. Eating breakfast was recorded as yes or no, based on the 24-h recall.
Importantly, as under- and over-reporting of dietary intake is a common problem, we examined
total daily EI by comparing EI to the basal metabolic rate estimated by the age- and gender-specific
Schofield equation [27]. Using the widely-acknowledged Goldberg cut-offs, we classified 254 (3.43%)
as over-reporters and 701 (9.45%) as under-reporters and removed these 955 subjects from the
analysis [28]. The prevalence of under- and over-reporting is not equally distributed across the
countries. Under-reporting ranged from 1.1% in Spain to 18.44% in Cyprus, while over-reporting was
most prevalent in Italy (5.6%) and lowest in Sweden (1.1%). When the under- and over-reporting
subjects were excluded, Cyprus lost 19.6%, Hungary 19.4%, Germany 14.5%, Belgium 13.0%, Italy
11.5%, Estonia 11.2%, Spain 5.2% and Sweden 4.8%. An additional 107 cases were excluded because
macronutrient components did not equal total EI, a result of missing data in the national FCTs.
For each meal occasion (morning, midday, and evening), starch in grams and sugar in grams were
divided by total energy intake (e.g., the sum of sugar in grams for breakfast and morning snack/total
daily EI). Then, HC intake for starch and sugar on each occasion was defined by assigning those in the
highest quartile to the HC-starch and HC-sugar intake categories. Average intakes of starch during
morning, midday, and evening meals were 50, 115, and 61 g, respectively. Similarly, average intakes of
sugar were 64, 70, and 53 g, for the three meal periods. When describing total carbohydrate intake for
the day, percentage of total energy from both carbohydrate sources was used.
2.3. Anthropometry and Body Mass Index (BMI)
Anthropometric data were collected at each participating survey center, according to a standard
protocol. Body height was measured without shoes by trained research staff using a portable
stadiometer (SECA 225). Body weight was measured with an electronic scale (TANITA BC 420 SMA),
with subjects wearing light clothing. BMI-z-scores and BMI categories were calculated according to
the criteria of the International Obesity Task Force (IOTF) [29]. The same procedure was followed at
both examinations (baseline 2007/2008 and follow-up 2009/2010) and inter-observer reliability was
assessed at each survey center [30].
2.4. Other Factors
Age, sex, highest household parental education level and survey country were included in the
multivariable model. Data on parental factors were collected by a standardized parental questionnaire.
Age was examined as a continuous variable. Household parental education level was categorized
according to the International Standard Classification of Education (ISCED) and the original six ISCED
levels were then combined into two levels [31]. ISCED levels 0–4 constitute “not high” education
while levels 5 and 6 are defined as high. Moreover, we controlled for intervention when examining
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BMI z-scores at follow-up, as children in the intervention had been exposed to instructions to get
adequate sleep.
After limiting our sample to the first weekday recall, excluding cases with missing information
about school meals or other meals outside of parental control and incomplete recalls, data from
7416 children were available. After excluding over- and under-reporters and children with incomplete
sleep data, the baseline sample size was reduced to 5944. The longitudinal sample was further reduced
to 4301 as some children were lost to follow-up (see Figure 2).
Figure 2. Study participants.
2.5. Statistical Analysis
BMI z-scores and dietary exposures are presented by short sleep duration at baseline. T-tests and
regression equations controlling for country and age were used to make comparisons between short
sleepers and “not-short” sleepers, presented with group means, regression coefficients and 95%
confidence intervals. Linear regression was used for analysis of continuous variables (BMI-z-score,
energy kcals/day, starch in grams, sugar in grams and macronutrient proportions) and logistic
regression for binary outcomes (high starch and high sugar) at each time-point, eating breakfast (yes or
no), high household parental education level); the respective regression coefficients are reported.
At baseline, we used a multivariable regression model to assess the association between BMI
z-scores and short sleep duration (<10 h) and high intake of carbohydrate from starch and sugar at
three different time-points (morning, midday, evening), while controlling for age, sex and parental
education, and including country as a random intercept.
The same baseline variables were included in our prediction of BMI z-scores at two-year follow-up,
in which we further controlled for BMI z-scores at baseline and exposure to the IDEFICS intervention,
as mentioned above. Cross-sectionally at baseline, we assessed how being in the highest quartile
of carbohydrate for starch or sugar modified the association between short sleep duration and BMI
z-scores by introducing six product terms, i.e., the dichotomized sleep variable multiplied by high
starch and sugar intake at three time-points (morning, midday, evening). We further controlled for age,
sex and parental education and included country as a random intercept.
We checked for multicollinearity between predictors and confounders included in the model by
estimating the variance inflation factor (VIF), finding that none exceeded 2.0.
The significance level was set at α = 0.05 for all analyses (2-sided tests). Statistical analyses were
carried out with Stata Intercool 11.2, StataCorp LP, 4905 Lakeway Drive, College Station, TX, USA.
2.6. Ethics Statement
We certify that all applicable institutional and governmental regulations concerning the ethical
use of human volunteers were followed during this research and that the IDEFICS study passed
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the Ethics Review process of the Sixth Framework Programme (FP6) of the European Commission.
Ethical approval was obtained from the relevant local or national ethics committees by each of the
eight study centers: the Ethics Committee of the University Hospital Ghent (Belgium); the National
Bioethics Committee of Cyprus (Cyprus); the Tallinn Medical Research Ethics Committee of the
National Institutes for Health Development (Estonia); the Ethics Committee of the University of
Bremen (Germany); the Scientific and Research Ethics Committee of the Medical Research Council,
Budapest (Hungary); the Ethics Committee of the Health Office, Avellino (Italy); the Ethics Committee
for Clinical Research Aragon (Spain); and the Regional Ethical Review Board of Gothenburg (Sweden).
All parents of the participating children gave written informed consent to data collection, examinations,
collection of samples, subsequent analysis and storage of personal data and collected samples.
Additionally, each child gave verbal consent after being verbally informed in simple terms, due their
young age, about the study by a study nurse. This consent process was not further documented, but it
was subject to central and local training and quality control procedures. Study participants and their
parents could consent to single components of the study, while abstaining from others. All procedures
were approved by the above-mentioned Ethics Committees.
3. Results
The study population at baseline is shown in Table 1. This study has an almost equal distribution
of boys and girls in all countries and a mean age of 6.1 years at baseline. There was large inter-country
variability in the proportion of children with a high intake of carbohydrate from starch and sugar
respectively: generally low in Spain and high in Hungary and Italy. Short sleep duration also varied
by survey country, with the lowest proportion of children categorized as short sleepers in Belgium
(2.5%) and the highest in Estonia (69.6%).
Subjects who reportedly consumed breakfast consumed more morning sugar (33 g vs. 25 g),
morning starch (26 g vs. 20 g), midday starch (56 g vs. 52 g) and evening starch (28 g vs. 26 g) than
those reporting no breakfast. Breakfast-eaters reported consuming less midday sugar (34 g vs. 37 g)
and less evening sugar (22 g vs. 29 g) than those reporting no breakfast (results not shown in tables).
In Table 2, we show cross-sectional differences in a range of baseline variables by sleep duration,
adjusted for age and country at baseline. Short sleepers had significantly higher BMI z-scores than
those sleeping 10 h or more. Raw numbers indicated that short sleep duration was associated with
lower probability of high starch intake in the morning but the association was reversed when adjusted
for age and survey country, as indicated by a positive beta-coefficient. Furthermore, regression analyses
showed that short sleep was associated with less sugar intake at midday but more sugar intake in the
evening. The cross-sectional analysis conducted at baseline was repeated cross-sectionally at follow-up
without notable difference and is therefore not shown.
Table 3 shows mutually adjusted multivariable linear regression of BMI z-scores at baseline as
a function of exposure to high starch and sugar intake at three time-points (morning, midday, and
evening) and short sleep duration (referent group “normal to long sleep”), with adjustment for age,
sex, high parental education level and survey country. At baseline, a significant positive association
was observed between higher BMI z-scores and short sleep duration, HC intake from morning starch
and higher values of total EI. A significant inverse association with BMI z-scores was observed for
eating breakfast, high parental education level and HC evening starch. When it came to prediction of
two-year BMI z-scores, protective associations with both breakfast consumption and high household
parental education level were found. Characteristics associated with increased BMI z-scores included
high intake of carbohydrate from morning starch and high intake of overall energy in a model mutually
adjusted for age, sex, parental education, survey country and intervention vs. control study region
but unadjusted for baseline BMI z-scores. When baseline BMI z-scores were included in the model,
only high parental education was inversely associated with increasing BMI z-scores. HC from starch in
the morning approaches significance (Regression coefficient = 0.05, p = 0.060; 95% CI = ´0.001; 0.095).
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Table 2. Cross-sectional baseline characteristics of short sleepers (<10 h). The right-hand columns
present the regression coefficients, with 95% CI (Confidence Interval).
Outcome Not Short Sleeper n = 3883 Short Sleeper n = 2061 Regression Coefficient 95% CI
BMI score, Cole 2012 0.25 0.61 0.12 0.05; ´0.18
Dietary factors modeled in multivariable model shown in Table 3
HC morning sugar, n (%) 1080 (27.8) 405 (19.7) 0.03 ´0.13; 0.19
HC morning starch, n (%) 997 (25.7) 489 (23) 0.21 0.05; 0.37
HC midday sugar, n (%) 987 (25) 499 (24) ´0.16 ´0.31; ´0.00
HC midday starch, n (%) 754 (19) 732 (36) ´0.08 ´0.24; 0.08
HC evening sugar, n (%) 916 (24) 570 (28) 0.21 0.05; 0.36
HC evening starch, n (%) 887 (23) 599 (29) 0.07 ´0.08; 0.22
Energy, kcal/day, mean 1522.8 1655.6 31.74 7.69; 55.79
Eats breakfast, % 84.17 81.82 ´0.03 ´0.047; ´0.00
Other factor modeled in multivariable model shown in Table 3
High parent education % 39.5 29.1 ´0.029 ´0.06; 0.00
Descriptive dietary factors, not in multivariable model shown in Table 3
Starch, g/day 99.8 122.4 3.92 1.29; 6.55
Sugar, g/day 91.8 87.9 0.52 ´1.88; 2.92
Carbohydrate, energy-%,
day 52.3% 52.2% 0.01 ´0.64; 0.65
Fat, energy-%, day 31.5% 31.0% 0.09 ´0.43; 0.61
Protein, energy-%, day 15.8% 16.0% ´0.29 ´0.55; 0.03
Footnote: High carbohydrate (HC-starch and HC-sugar categories) were calculated for starch and sugar at three
time-points (morning, midday and evening) by assigning those in the highest quartile for grams of sugar/total
energy intake (EI) and grams of starch/total EI to the HC groups.
Table 3. High carbohydrate intake from sugar and starch at three times of day and short sleep duration
and association with BMI z-scores at baseline, adjusted for age, sex and country.
Exposures Measured at Baseline (n = 5750) † Regression Coefficient 95% CI
Short sleep < 10 h versus ě 10 h 0.09 0.02; 0.16
Breakfast (yes v. no) ´0.28 ´0.36; 0.19
HC morning sugar ´0.02 ´0.09; 0.05
HC morning starch 0.12 0.05; 0.20
HC midday sugar 0.03 ´0.04; 0.10
HC midday starch 0.02 ´0.07; 0.10
HC evening sugar ´0.04 ´0.12; 0.03
HC evening starch ´0.08 ´0.15; ´0.00
Total energy intake in kcal 0.03 0.02; 0.04
Parental education (high v. “not high”) ´0.09 ´0.16; 0.24
† n reduced from 5944 at baseline due to non-response on two variables: breakfast (n = 5772) and Parental
Education (n = 5750). High carbohydrate (HC-starch and HC-sugar categories) were calculated for starch and
sugar at three time-points (morning, midday and evening) by assigning those in the highest quartile for grams
of sugar/total energy intake (EI) and grams of starch/total EI to the HC groups. CI: Confidence Interval.
In Figure 3, the effect of short sleep duration on the relationship between HC from sugar and
starch at each meal occasion and BMI z-scores is shown in a mutually adjusted model including age,
sex, parental education, total EI, eating breakfast and survey country. Six interaction terms were
introduced to the main effects, one of which was significant, i.e., the interaction between high starch
at midday and short sleep. In children with short sleep duration, the risk posed by HC intake from
starch at midday had a stronger effect in those with short sleep duration. We also observed that HC
from starch in the evening among the children without short nocturnal sleep duration is inversely
associated with BMI z-scores but the respective interaction term was not significant.
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Figure 3. Effect of HC intake (sugar and starch) at 3 meal occasions on BMI z-scores at baseline by sleep
duration. ES = effect size (regression coefficient). n reduced from 5944 at baseline due to non-response
on two variables: breakfast and parental education level (n = 5750); Linear regression of BMI z-scores
on sleep duration, HC intake variables, and their respective product terms, further adjusted for eating
breakfast, parental education, age, sex, and survey country. Long sleep represents normal and long
sleep ě10 hours. CI: Confidence Interval.
There was a positive interaction between high midday sugar and short sleep duration with respect
to BMI z-scores at two-year follow-up, but it was no longer observed after adjustment for baseline BMI
z-scores (not shown). After adjustment for baseline BMI z-scores, only high parental education level
remained significantly protective, (Regression coefficient = ´0.08, p = 0.001, 95% CI = ´0.12; ´0.03;
results not shown in tables).
4. Discussion
Our findings demonstrate that a high proportion of carbohydrate from starch in the morning
is associated with an increased risk of a higher BMI z-scores at baseline in children participating in
the IDEFICS study. Moreover, we found that high intake from starch at midday, in combination with
short sleep duration, poses a risk for overweight. We also showed that eating breakfast is associated
with lower BMI z-scores cross-sectionally at baseline, concurring with previous research [13,16]
However, at the cross-sectional two-year follow-up analysis, eating breakfast offered no protection
from increasing BMI z-scores, as has also been reported [17,18].
There is limited research on macronutrient distribution in children’s diets. However, a systematic
review of intervention studies published in 2014 examined the impact of dietary macronutrients
on BMI and cardio-metabolic outcomes in overweight and obese children and adolescents [32].
From 14 eligible studies, five examined low carbohydrate intake related to BMI [32]. A meta-analysis
of these low-carbohydrate studies in children and adolescents indicated a greater reduction in BMI in
the low-carbohydrate group immediately after dietary intervention, but the authors noted that the
quality of the studies was limited [32]. While our study was observational, our findings are in line
with those of the systematic review of intervention studies, as we observed an association between HC
intake from starch and higher BMI z-scores.
In adults, de Castro has reported that the time of day is an important factor influencing overall
intake [33]. In the same cohort of adults, de Castro demonstrated that when the proportion of
daily carbohydrate ingested in the morning was high, less total food energy and carbohydrate
were consumed over the entire day [34]. In contrast, we found that high morning starch intake
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is associated with higher BMI z-scores and that breakfast-eaters consumed more total energy than
those not reporting breakfast, which indicates that those skipping breakfast do not make up for
skipped breakfast energy later in the day. Although de Castro did not report specifically on midday
HC intake or on associations with overweight, his work may help to explain our finding that high
starch intake at midday, interacting with short sleep duration, was associated with higher BMI z-scores,
compared with morning carbohydrate intake. A study conducted on adults consuming a low-calorie
diet studied the effects of carbohydrates consumed mostly at dinner and reported that subjects on
the experimental diet underwent positive hormonal changes (leptin and adiponectin concentrations)
and reported less hunger [35]. Similarly, we observed that high starch intake in the evening was
inversely associated with BMI z-scores cross-sectionally at baseline. Sofer et al. [35] reported that
simple dietary manipulation of carbohydrate distribution appears to yield additional benefits beyond
calorie reduction. The hormone leptin regulates hunger, satiety and EI. Previous studies have reported
that leptin secretion falls between 8:00 a.m. and 4:00 p.m., reaching the lowest point at 1:00 p.m.,
increasing at 4:00 p.m. and typically peaking at 1:00 p.m. [36,37]. This indicates that leptin levels are
lowest at midday, which may be related to our findings that HC intake from starch in the morning and
HC intake from starch at midday, interacting with short sleep duration, are positively associated with
higher BMI z-scores.
It may be of particular interest that our cross-sectional findings are attributable to starch rather than
sugar intake; there are plausible explanations for this. Most importantly, we report on all sugars, rather
than added sugars, as a component of carbohydrate. The United States Department of Agriculture
(USDA) recommends that children consume the following daily: two cups or approximately 350 g of
fruit, 2.5 cups or approximately 475 g of vegetables, 6 oz. or approximately 168 g of whole grains and
three cups or approximately 720 mL of dairy products. Following the USDA recommendations, a child
exceeds 80 g of sugar intake when consuming just 1530 kcal per day [38]. The mean sugar intake in
our study sample was 90.5 g, while the mean EI was 1569 kcal. This might indicate that added sugars
do not contribute significantly to the dietary intake in our study population, i.e., the sugars consumed
occur naturally in foods considered to be healthy. However, it is also possible that added sugars or
“bad” sugars may be under-reported by parents and therefore deflate the estimate of overall sugar
intake. While we have eliminated energy over- and under-reporters from our sample based on total
caloric intake, we cannot exclude the existence of a “good” food–“bad” food reporting bias.
Similar to our sleep findings, previous research has demonstrated a relationship between adiposity
and short sleep duration [39,40]. Recently, a Belgian study confirmed that short sleep duration is
associated with central adiposity in children [7]. We found that those with short sleep duration (<10 h)
had higher BMI z-scores than those with 10 or more hours of sleep. Previous research has demonstrated
that acute sleep deprivation increases snack portions [41] and that lack of sleep is associated with
increased snacking, an increased number of daily meals and a preference for energy-rich foods [42].
The previously-mentioned study of Malaysian children demonstrated that children who sleep less
than the recommended number of hours consumed more carbohydrates and were at higher risk of
overweight/obesity [10]. Our findings indicate that children with shorter sleep duration are more
at risk of overweight and that inadequate sleep potentiates the association between increased BMI
z-scores and HC intake. It may be speculated that a HC diet combined with inadequate sleep may
represent part of the explanation for high rates of obesity in children from a lower socioeconomic
position (SEP). A number of previous studies, including the IDEFICS study, have reported that children
from higher-income or more educated families tend to eat more healthfully [43–47]. However, in the
context of the associations reported here, it should be pointed out that our findings are statistically
independent of SEP, as defined by household parental education level.
Our findings on breakfast may be of interest, in light of inconsistencies in the literature.
Our cross-sectional results at baseline are in line with other European studies reporting an association
between breakfast intake and lower BMI, compared with children who skip breakfast [13–16].
However, our findings at two-year follow-up show no consistent association between breakfast
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consumption and lower BMI z-scores support those of a 2010 systematic review that concluded
causality has not been demonstrated [17]. Similarly, a study of Danish children aged two and five also
found no association between breakfast consumption and overweight [48]. Furthermore, it might be
surprising that children with short sleep duration were less likely to eat breakfast than those who slept
10 or more hours, as it might be expected that those with more waking hours would have more time to
consume breakfast. While the difference was statistically significant (82%: <10 h versus 84%: ě10 h),
the absolute values were of low magnitude.
To our knowledge, this is the first study to simultaneously examine carbohydrate intake and its
temporal distribution, short nocturnal sleep duration, breakfast habits and risk of overweight in a large
cohort of children with diverse dietary cultures and lifestyle habits. Moreover, this study adhered to
strict implementation of standardized operating procedures during fieldwork as well as plausibility
checks during data entry. However, our study is not without limitations, the most important of
which is including only one day of dietary recall. It is also important to note that the calculations are
heterogeneous because macronutrients are calculated from a number of different FTC. For example, in
Sweden, Germany and Hungary sugar was calculated as monosaccharide plus disaccharide, while in
Estonia sugar consists of glucose, fructose, sucrose, maltose and lactose. These discrepancies might
lead to subtle difficulties in comparing dietary carbohydrate intake. Finally, it should be kept in mind
that the sample included in the IDEFICS study was not randomly selected and the related descriptive
data cannot be considered to be representative at the country level.
5. Conclusions
This study showed BMI z-scores were cross-sectionally associated with high dietary carbohydrate
intake from starch consumed in the morning, and in children with less than optimal sleep duration with
high dietary carbohydrate intake from starch at midday. Breakfast consumption was not consistently
associated with BMI z-scores. These findings suggest that childhood overweight might be reduced by
limiting the proportion of dietary carbohydrates, particularly from starchy foods, in morning meals,
and even more so in midday meals, and by encouraging the recommended amount of sleep each night.
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Abstract: Nut consumption has been associated with improvements in risk factors for chronic disease
in populations within North America, Europe and Iran. This relationship has not been investigated
in New Zealand (NZ). The associations between nut consumption and cardiometabolic risk factors
among New Zealanders were examined. Data from the 24-h diet recalls of 4721 participants from
the NZ Adult Nutrition Survey 2008/2009 (2008/2009 NZANS) were used to determine whole
and total nut intake. Anthropometric data and blood pressure were collected, as well as blood
samples analysed for total cholesterol (total-C) and HDL cholesterol (HDL-C), glycated haemoglobin
(HbA1c), C-reactive protein (CRP) and folate. Participants were classified according to their five-year
cardiovascular disease (CVD) risk. Both whole and total nut consumers had significantly lower
weight, body mass index (BMI), waist circumference and central adiposity than non-nut consumers
(all p ď 0.044). Whole blood, serum and red blood cell folate concentrations were significantly
higher among whole nut consumers compared to non-whole nut consumers (all p ď 0.014),
with only serum folate higher in total nut consumers compared to non-total nut consumers
(p = 0.023). There were no significant differences for blood pressure, total-C, HDL-C and HbA1c;
however, significant negative associations between total nut consumption and CVD risk category
(p < 0.001) and CRP (p = 0.045) were apparent. Nut consumption was associated with more favourable
body composition and a number of risk factors, which could collectively reduce chronic disease.
Keywords: nut intake; population survey; cardiometabolic risk factors
1. Introduction
Nuts are rich in cis-unsaturated fatty acids, vitamins, minerals and a number of phytochemicals,
which collectively contribute to reductions in chronic disease risk, particularly cardiovascular disease
(CVD), seen in both epidemiological and intervention studies [1–6]. Typically, nut consumers have
lower concentrations of total cholesterol (total-C) and low-density lipoprotein cholesterol (LDL-C),
with studies showing little effect on HDL cholesterol (HDL-C) and triglyceride concentrations [6].
Although recent studies have reported significant reductions in all-cause mortality among nut
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consumers [1,2,7,8], the effect of nut consumption on the risk of chronic disease other than CVD
is less clear.
Limited epidemiologic evidence suggests that nut consumption may have beneficial effects on
blood pressure, especially among those without type 2 diabetes [9] and those with hypertension who
have a Body mass index (BMI) lower than 25 kg/m2 [10]. Two recent reviews calculated mean changes
in blood pressure from over 20 intervention studies and reported significant reductions for both systolic
and diastolic blood pressure following nut consumption [9,11].
Studies investigating the association between nut consumption and the risk of type 2 diabetes
have produced equivocal results. Two recent meta-analyses have reported no association between nut
consumption and the risk of type 2 diabetes [8,12], whereas a small, but significant reduction in the
incidence of type 2 diabetes was found in another recent meta-analysis by Afshin et al. [13]. It has been
suggested the contradictory result is likely due to the differences in study selection (e.g., one study
included by Afshin et al. did not examine the independent effects of nuts) and a lack of adjustment for
BMI in the meta-analysis by Afshin et al. [14]. In addition, intervention trials, which have investigated
the consumption of nuts on glycaemic control, have produced mixed results [11,15].
Although nuts are energy dense, several epidemiologic studies have reported that regular nut
consumers tended to be leaner than non-consumers [16–19]. In support of this finding, five clinical
trials specifically designed to examine the effect of regular nut consumption on body weight have
reported no weight gain or less weight gain than predicted [20–24].
Folate has attracted public health interest because the suboptimal status of this vitamin appears
to be associated with an increased risk of several chronic diseases, such as CVD [25] and certain
cancers [26]. Nuts, in particular peanuts, hazelnuts and walnuts, are relatively rich sources of folate [27].
Therefore, it is of interest to assess the folate status of nut consumers.
Nationally representative data from the United States of America (USA) showed that nut and tree nut
consumption was associated with a lower BMI, waist circumference and systolic blood pressure [28,29].
Nut consumers also had a lower prevalence of hypertension, low HDL-C, abdominal obesity and high
fasting glucose concentrations, four important risk factors for metabolic syndrome. A recent analysis of the
Adventist Heart Study-2 found that there was a significant inverse association between the frequency of
nut intake and metabolic syndrome [30]. Similar results were found in participants at high cardiovascular
risk [31]. Further, a cross-sectional study in Iran reported a significant association between high nut
consumption and reduced dyslipidemia [32].
To date, no research has examined the association of nut intake and risk factors for chronic disease
in New Zealand or indeed anywhere in the Southern Hemisphere, where dietary patterns may differ
from countries where relationships between nut consumption and a variety of risk factors for disease
have previously been described [29,32]. This study aimed to compare known risk factors of chronic
disease between nut consumers and non-nut consumers in a cross-sectional representative survey of
the New Zealand population.
2. Experimental Section
2.1. Study Population
The 2008/2009 NZ Adult Nutrition Survey (2008/2009 NZANS) was a cross-sectional survey of
4721 New Zealander aged 15 years and over. A full description of the study design and methods is
available elsewhere [33], and only a summary is included here. Participants were recruited using a
three-stage process where 607 mesh blocks were selected using a probability-proportional-to-size
design. A mesh block is defined as a small geographical area within NZ defined by Statistics
NZ. Each mesh block contains approximately 110 people in urban areas and 60 in rural areas.
After random selection of a household, random selection of a participant within the household
occurred. Oversampling of Maori and Pacific people and age groups 15–18 years and 71 years and
over was used to achieve adequate numbers for analysis by ethnicity and age.
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Informed, written consent was obtained from each participant or from the guardian of participants
aged less than 18 years prior to interviews. Ethical approval was gained from the NZ Health and
Disability Multi-Region Ethics Committee (MEC/08/04/049). This study was conducted according to
the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects
were approved by the NZ Health and Disability Multi-Region Ethics Committee (MEC/08/04/049).
2.2. Dietary Assessment
Survey data were collected at the participants’ homes by trained interviewers using
computer-assisted personal interview software. An interviewer-administered multiple-pass 24-h
diet recall method was used to collect quantitative information on all foods and drinks the participant
consumed the previous day (from midnight to midnight). It included foods and drinks consumed both
at and away from home and has been previously described [33].
2.3. Determination of Nut Intake
For the purpose of this study, the term ‘nuts’ includes tree nuts, peanuts and mixed nuts.
Tree nuts include almonds, Brazil nuts, cashews, hazelnuts, macadamias, pecans, pine nuts, pistachios
and walnuts. Chestnuts, coconut and coconut products were not included in this analysis, as their
nutrient profiles differ from the aforementioned ‘nuts’. Nut intake was assessed using the 24-h diet
recall data from the 2008/2009 NZANS, and total nut consumption was comprised of the following
three categories:
(i) Whole nuts, including tree nuts, mixed nuts and peanuts eaten whole as part of a snack
(e.g., mixed nut snacks) or as an addition to a food/meal (e.g., almonds sprinkled on a salad);
(ii) consumed as nut butters, including those made from peanuts and tree nuts (e.g., peanut butter,
hazelnut spread); and (iii) consumed as an ingredient of a recipe/dish or a commercial products
(e.g., breakfast cereals, snack bars, satay sauce). Participants who reported consuming zero quantity of
any nuts in their 24-h diet recall were classified as ‘non-nut consumers’. ‘Total nut consumers’ were
participants who reported consuming any of whole nuts, nut butters and/or hidden sources of nuts.
‘Whole nut consumers’ were participants who reported consuming any amount of whole nuts.
2.4. Blood Collection and Analysis
Non-fasting blood samples were collected from 3348 participants at local healthcare clinics.
Blood was collected into three vacutainers, two containing EDTA for plasma and one additive free for
serum. Vacutainers were couriered to a central processing laboratory for analysis of total-C and HDL-C,
HbA1c and CRP. Further aliquots were sent to the Department of Human Nutrition, University of
Otago, for analysis of whole blood, serum and red blood cell (RBC) folate concentrations.
Serum total-C was measured enzymatically and serum HDL-C using the Ultra HDL assay, on the
ARCHITECT cSystem (Abbott). Serum CRP was measured using the immunoturbidimetric assay on
the Abbott. HbA1c was determined in whole blood using an ion-exchange high performance liquid
chromatography method (Bio-Rad Variant II). The laboratory used for these measurements subscribes
to the Royal College of Pathologists Australasia Quality Assurance Program.
Whole blood and serum folate concentrations were measured using the microbiological assay
with chloramphenicol-resistant Lactobacillus casei as the test micro-organism, as described by
O’Broin et al. [34]. RBC folate concentration was calculated using the following equation:
RBC folate “ whole blood folate ´ rserum folate ˆ p1 ´ haematocritq{haematocrits (1)
The accuracy of the microbiological assay was monitored using a three-level certified reference
for serum folate from the National Institute of Standards Technology (NIST, USA).
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2.5. Blood Pressure
Blood pressure was measured in triplicate using an Omron blood pressure monitor
(Model HEM-907, Kyoto, Japan). There was a one-minute period between measurements. The first
blood pressure reading is considered the most unreliable [35]; thus, the mean of the second and third
measurements was calculated.
2.6. Anthropometric Measurements
Trained interviewers carried out height and weight measurements in duplicate. Standing height
was measured using a stadiometer (Seca 214, Seca, Hamburg, Germany) and weight using electronic
scales (Tanita HD-351, Tanita, Tokyo, Japan). BMI was calculated as weight (kg)/(height (m)2).
The World Health Organization BMI cutoffs were used to categorise BMI status in participants aged
19 years and over. The Cole age- and sex-specific BMI cutoffs were used to categorise BMI status in
those aged 15–18 years [36,37].
Waist circumference (WC) was measured at the narrowest point between the lower costal border
and the top of the iliac crest. Measurements were taken over light clothing using an anthropometric
tape measure (Model W606PM, Lufkin, Apex Tool Group, MD, USA). Measurements were taken to the
nearest 0.1 cm.
A body shape index (ABSI) was also calculated [38]. This index, based on weight, height and
waist circumference, has been developed because the strong correlation between BMI and waist
circumference can make it difficult to differentiate the two as epidemiological risk factors. A body
shape index is relatively uncorrelated with height, weight or BMI, while remaining positively correlated
with waist circumference [38]. A body shape index has been shown to be a better predictor of mortality
than waist circumference [39]. A high ABSI indicates that WC is higher than expected for a given height
and weight, corresponding to a more centrally-concentrated body volume. The ABSI is calculated as
follows, where waist circumference and height are expressed in meters:
ABSI “ WC3?BMI2aheight (2)
2.7. Cardiovascular Disease Risk
Cardiovascular disease risk was calculated for participants aged 35–74 years (n = 1623) using the
NZ adapted Framingham Cardiovascular Risk charts [40]. These charts categorise 5-year cardiovascular
disease risk (fatal and non-fatal) into the following 8 categories: <2.5%, 2.5%–5% and 5%–10%
(mild risk); 10%–15% (moderate risk); 15%–20% (high risk); 20%–25%, 25%–30%; and >30% (very high
risk). Risk assessment is based on sex, age, total-C:HDL-C ratio, systolic blood pressure, smoking
status and the presence/absence of diabetes. Maori, Pacific and Indo-Asian (Indian, including Fijian
Indian, Sri Lankan, Afghani, Bangladeshi, Nepalese, Pakistani and Tibetan) participants are moved up
one risk category as their risk of CVD may be underestimated using these charts [41].
2.8. Health Risk Factor Cutoffs
Participants were categorised based on being overweight or obese (BMI ě25 kg/m2);
having abdominal obesity (waist circumference ě102 cm for males and ě88 cm for females);
having hypertension (SBP ě130 mmHg or DBP ě85 mmHg; or having low HDL-C (ď1.03 mmol/L for
males and ď1.29 mmol/L for females).
Participants with diabetes were defined as those who self-reported doctor-diagnosed diabetes or
those who had an HbA1c ě6.5% (48 mmol/mol) [42]. Participants with pre-diabetes included those
who had an HbA1c between 5.7% (39 mmol/mol) and 6.4% (46 mmol/mol) inclusive and who did not
self-report doctor diagnosed diabetes.
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2.9. Demographic Variables
Demographic variables were selected a priori after reviewing the literature. Variables included
sex, age category (15–18, 19–30, 31–50, 51–70, 71+ years), prioritised ethnicity, NZ Index of Deprivation
(NZDep06) and education. Information was also collected during the interview on smoking status
(never smoker, ex-smoker, current smoker) and use of statins.
2.9.1. Ethnicity
Self-reported ethnicity was categorised into one of three ethnic groups based on a priority
classification system using the coding prioritisation order (from highest to lowest) of Maori, Pacific and
New Zealand European and other (NZEO). For example, if a participant identified as both Maori and
NZ European, they were classified as Maori.
2.9.2. New Zealand Index of Deprivation (NZDep06)
NZDep06 is an area-based measure of deprivation, which uses nine variables from the NZ Census
reflecting specified dimensions of both material and social deprivation. Each mesh block in NZ is
given a score between 1 and 10, with a score of 1 reflecting the least deprived areas and 10 the most
deprived. For the purpose of the 2008/2009 NZANS, these scores were divided into quintiles where
Quintile 1 represents the 20% least deprived and Quintile 5 the 20% most deprived areas.
2.9.3. Education
Participants were asked to report their highest school level qualification and, where appropriate,
their highest post-school qualification. Three groups, comprising no formal school qualification,
secondary school qualification only or post-school qualification (including trade certificates and
university degrees), were derived for these analyses.
2.10. Statistical Analysis
The complex survey design described above was accounted for in all analyses presented here.
This included incorporating both weights and clustering. The weights used were post-stratification
weights for the questionnaire component of the NZANS (when comparing reported nut consumption
between demographic groups and comparing anthropometric outcomes between nut consumption
groups) and post-stratification weights for the blood component of the NZANS (comparing biochemical
outcomes between nut consumption groups) and are intended to reflect the NZ population aged
15 years and above. Stata’s default method for calculating survey-adjusted standard errors
(Taylor linearization) was used for all analyses.
Log-transformations were made where this improved residual normality and/or homoscedasticity.
Variables, which were log-transformed, include weight, BMI, waist circumference, total cholesterol,
HDL-cholesterol, total:HDL-C ratio, C-reactive protein, HbA1c, whole blood folate, serum folate and
red blood cell folate. These variables are presented as geometric means with differences reported
as the percentage difference between the geometric means. Unadjusted and adjusted differences for
outcomes between nut consumers and non-nut consumers are presented. Survey regression models,
including sex, age group, prioritised ethnicity, NZDep06 quintile and education (blood pressure was
further adjusted for smoking status and BMI category; all blood variables were further adjusted for BMI
category; and CRP was further adjusted for smoking status), were used to calculate adjusted differences
in outcomes between nut consumers and non-nut consumers. Survey logistic regression was used
to estimate the adjusted odds ratios (OR) and 95% confidence intervals (CIs), for overweight/obese,
abdominal obesity, hypertension, low HDL-C, diabetes and pre-diabetes, with the following variables
entered into the model: sex, age, NZDep06, education, ethnicity and BMI. Ordinal logistic regression,
including NZDep06 quintile, education and BMI category, was used to estimate the adjusted-for
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(Maori, Pacific and Indo-Asian ethnicities) CVD risk category. Proportionality was examined using
generalised ordinal logistic regression without adjustment for the complex survey design to see if there
was evidence against proportionality at the variable level or overall. Standard regression diagnostics
were used in all cases.
Stata Statistical Software 12.1 (Statacorp LP, College Station TX, USA) was used for all statistical
analyses. All statistical tests were two-sided; p < 0.05 was considered statistically significant,
and 0.05 ď p < 0.10 is noted as a non-significant tendency, where these may suggest areas for further
research or support the interpretation of other results. As this study is exploratory, no formal adjustment
for multiple comparisons was made, and marginally significant results should be interpreted
with caution.
3. Results
3.1. Characteristics of the Sample
Table 1 describes the characteristics of the 2008/2009 NZANS sample. A total of 4721 participants
were recruited and completed a 24-h diet recall.
Table 1. Characteristics of survey participants.
All Survey Participants






15–18 years 699 7.0
19–30 years 718 19.7
31–50 years 1344 36.7
51–70 years 895 27.1
71+ years 1065 9.6
Ethnicity








Q5 (most deprived) 1395 18.1
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No school qualification 1217 18.1
School 1413 26.5
Post-school 2057 55.4





Never smoked 2393 50.8
Ex-smoker 1274 26.5
Current smoker 1074 22.8
a New Zealand European and other; b New Zealand Index of Deprivation.
3.2. Nut Intake
The nut intakes of New Zealanders have been described previously [43]. In brief, the percentage
of the population consuming whole nuts (a subset of total nuts) and nuts from all sources (total nuts,
including whole nuts, nut butters and nuts from hidden sources) on the day of their 24-h diet recall
were 6.9% and 28.9%, respectively. The mean daily intake among the whole population was 2.8 g and
5.2 g for whole and total nuts, respectively. Among nut consumers only, the mean daily intake was
40.3 g for whole nuts and 17.9 g for total nuts (which included whole nuts, nut butters and nuts
from hidden sources). In terms of prevalence, there were no significant differences between males
and females.
3.3. Anthropometric Measurements
In the fully-adjusted model, body weight, BMI, waist circumference and ABSI were significantly
lower among whole nut consumers (a subset of total nut consumers) compared to non-whole nut
consumers (all p ď 0.029) and for total nut consumers (including whole nut, nut butter and nuts from
hidden source consumers) compared to non-total nut consumers (all p ď 0.044) (Table 2).
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3.4. Blood Pressure
Neither systolic nor diastolic blood pressure differed significantly between whole nut consumers
(a subset of total nut consumers) and non-whole nut consumers (both p ě 0.497) (Table 2), nor did
they differ between total nut consumers (including whole nut, nut butter and nuts from hidden source
consumers) and non-total nut consumers (both p ě 0.132).
3.5. Biochemical Outcomes
There was a non-significant tendency for a lower total-C:HDL-C ratio in whole nut consumers
(a subset of total nut consumers) compared to non-whole nut consumers (p = 0.090), with significantly
higher HDL-C (p = 0.024) and lower total-C:HDL-C ratio (p = 0.036) among total nut consumers
(including whole nut, nut butter and nuts from hidden source consumers) compared to non-total nut
consumers before adjustment of potential confounders. However, after adjustment, total cholesterol,
HDL-C and total-C:HDL-C ratio did not differ significantly between whole nut consumers and
non-whole nut consumers (all p ě 0.147) nor between total nut consumers and non-total nut consumers
(all p ě 0.310) (Table 3).
There was a non-significant tendency for lower CRP among whole nut consumers (p = 0.078),
but this was no longer evident after adjustment for potential confounders (p = 0.451); whereas among
total nut consumers, CRP was significantly lower than non-total nut consumers for both the unadjusted
(p < 0.001) and the adjusted model (p = 0.045).
There was no significant difference for HbA1c between whole nut consumers and non-whole
nut consumers (p = 0.646). Glycated haemoglobin was significantly lower for total nut consumers
compared to non-total nut consumer (p = 0.021), but this difference was no longer evident after
adjusting for potential confounders (p = 0.475).
After adjustment for potential confounders, whole blood folate (p = 0.004), serum blood folate
(p = 0.001) and red blood cell folate (p = 0.014) were statistically significantly higher among whole nut
consumers compared to non-whole nut consumers. In contrast, for total nut consumers, only serum
folate concentration was significantly higher compared to non-total nut consumers (p = 0.023).
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3.6. Cardiovascular Disease Risk
There was evidence of non-proportionality for some of the covariates, but not for the nut
consumption variables. In particular, for the whole nut consumption (a subset of total nut consumption)
model, there was evidence of non-proportionality for the highest levels of deprivation and education
and for the total nut consumption (including whole nut, nut butter and nuts from hidden source
consumption) model; there was evidence of non-proportionality for the highest level of deprivation.
Modelling these did not materially change the odds ratios for nut consumption (non-survey adjusted
odds ratios for the nut consumption variables were identical to two decimal places in both cases,
and the interpretation of covariates was similar in both cases), and so, survey-adjusted ordinal
logistic regression models assuming proportionality are presented below. There was no evidence of an
association between whole nut consumption and CVD risk category (proportional odds ratio = 0.83;
95% CI: 0.58–1.19; p = 0.321). However, there was a significant negative association between total nut
consumption and CVD risk category (proportional odds ratio = 0.61; 95% CI: 0.47–0.80; p < 0.001).
In both models, living in the most deprived areas, having a lower education level and having a
higher BMI were all association with increased CVD risk (all p ď 0.005).
3.7. Odds Ratios for Health Risk Factors
The odds of being overweight or obese were 40% lower for whole nut consumers (a subset of
total nut consumers) compared to non-whole nut consumers (p = 0.015) and 36% lower for total nut
consumers (including whole nut, nut butter and nuts from hidden source consumers) (p = 0.020)
compared to non-total nut consumers (Table 4). Similarly, the odds of having abdominal obesity were
46% lower (p = 0.012) in whole nut consumers and 32% lower (p = 0.004) in consumers of all nuts.
Consumers of whole nuts had 57% lower odds of pre-diabetes (p = 0.004). There was no significant
difference in the odds of pre-diabetes or diabetes between consumers of all nuts and non-nut consumers
(both p ě 0.346).
There were no significant differences in the odds of having low HDL-C or hypertension for whole
and total nut consumers compared to non-consumers (all p ě 0.448).
Table 4. Odds ratio (95% CI) for diabetes and risk factors for chronic disease by nut consumption.
Unadjusted Odds ratio Unadjusted p-Value Adjusted Odds ratio * Adjusted p-Value :
Whole nuts
Overweight or obese 0.66 (0.44, 0.99) 0.045 0.60 (0.40, 0.90) 0.015
Abdominal obesity 0.57 (0.37, 0.89) 0.012 0.54 (0.34, 0.87) 0.012
Hypertension 0.91 (0.61, 1.38) 0.682 0.85 (0.53, 1.36) 0.502
Low HDL-C 0.77 (0.49, 1.22) 0.268 0.97 (0.61, 1.55) 0.904
Diabetes 0.91 (0.45, 1.81) 0.780 1.05 (0.49, 2.26) 0.898
Pre-diabetes 0.52 (0.31, 0.88) 0.016 0.43 (0.34, 0.76) 0.004
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Table 4. Cont.
Unadjusted Odds ratio Unadjusted p-Value Adjusted Odds ratio * Adjusted p-Value :
Total nuts
Overweight or obese 0.72 (0.57, 0.91) 0.006 0.74 (0.58, 0.95) 0.020
Abdominal obesity 0.66 (0.52, 0.84) 0.001 0.68 (0.52, 0.88) 0.004
Hypertension 0.83 (0.65, 1.04) 0.116 0.90 (0.69, 1.19) 0.456
Low HDL-C 0.78 (0.61, 0.99) 0.042 0.90 (0.70, 1.17) 0.448
Diabetes 0.63 (0.42, 0.96) 0.031 0.80 (0.51, 1.27) 0.346
Pre-diabetes 0.80 (0.63, 1.03) 0.082 0.88 (0.67, 1.16) 0.360
* Calculated using survey multiple logistic regression and adjusted for sex, age, NZDep06, education,
ethnicity and BMI (except for overweight/obesity and abdominal obesity, which were not adjusted for
BMI); : overall p-value from regression models; overweight or obesity, BMI ě25 kg/m2; abdominal obesity,
waist circumference ě102 cm for males and ě88 cm for females; hypertension, systolic BP ě130 mmHg or
diastolic BP ě85 mmHg; low HDL-C, ď1.03 mmol/L for males and ď1.29 mmol/L for females; pre-diabetes
included those with an HbA1c result between 5.7% (39 mmol/mol) and 6.4% (46 mmol/mol) inclusive and did
not self-report doctor diagnosed diabetes; diabetes included those who self-reported doctor-diagnosed diabetes
or those who had an HbA1c ě6.5% (48 mmol/mol).
4. Discussion
This is the first study to assess the association between nut consumption and risk factors for
chronic disease, in a cross-sectional survey of a population in NZ. This study confirms the results
from large cross-sectional surveys undertaken in the Northern Hemisphere [29–32], which report
that nut consumption is associated with better outcomes for a number of risk factors for chronic
disease. Body weight, BMI and measures of central adiposity were significantly lower among
nut consumers compared to non-nut consumers, as was the risk of being overweight or obese.
In addition, CRP, a marker of inflammation, was significantly lower among total nut consumers
compared to non-nut consumers. Furthermore, whole blood, serum and red blood cell folate
were significantly higher among whole nut consumers compared to non-whole nut consumers.
Collectively, these differences are likely to confer long-term beneficial health effects among regular
nut consumers.
Although there were some significant differences between total-C and the total-C:HDL-C ratio
between nut consumers and non-nut consumers, these disappeared after adjustment for potential
confounders. This is in contrast to the majority of epidemiologic studies and randomised controlled
trials, which show better lipid profiles or improvements in blood lipids and lipoproteins with the
inclusion of nuts in the regular diet. A meta-analysis of 25 clinical trials reported dose-response
reductions in total-C and LDL-C, with no effect on HDL-C, and a reduction in triglycerides [6].
However, the findings of the present study in regards to blood lipoproteins are not unique.
A cross-sectional analysis of the Prevencion con Dieta Mediterranea (PREDIMED) study also found no
evidence of an association between nut consumption and dyslipidemia [31]. Furthermore, O’Neil et al.
failed to show a difference in total cholesterol between ‘out of hand nut’ consumers and non-consumers
in a representative sample from the USA [44]. Out of hand nut consumers were defined as those who
ate nuts solely as nuts, not as components of other food products. This is similar to the definition for
whole nut consumers used in the present study. It has been suggested that these consumers may differ
from consumers of nuts from all sources in that they make a conscious decision to eat nuts. Conversely,
analysis of National Health and Nutrition Examination Survey (NHANES) data 1999–2004 reported
significantly higher concentrations of HDL-C among nut consumers compared to non-consumers [29].
In addition, Askari et al. reported that nut consumption was associated with a reduction in LDL-C,
triglycerides and apoB:apoA ratio, with total-C significantly reduced among female participants only,
in an Iranian cohort [32].
The blood samples collected in the present study were not collected in a fasting state; therefore,
LDL-C and triglycerides were unable to be measured. A meta-analysis has suggested that reductions
in total and LDL-C are blunted in those who are obese [6]. One possible explanation for the lack of
association between cholesterol concentrations and nut consumption observed in this study could be
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the high rates of obesity in the NZ population, where over 36% are classified as overweight and 28%
as obese [45].
Despite the lack of difference in these specific lipoproteins, there was a significant negative
association between total nut consumption and CVD risk category. The calculation of the CVD risk
category takes into account the total-C:HDL-C ratio, as well as sex, age, systolic blood pressure and
smoking and diabetes status.
A more consistent finding across different populations is the significantly lower body weight,
BMI and waist circumference observed among nut consumers [46,47]. In agreement with other
investigators [31,44,48,49], this study found a lower risk of being overweight and obesity among
nut consumers, despite the fact that nut consumers report higher energy intakes compared to non-nut
consumers. This finding is consistent with other epidemiological studies [16–19], which show that
nut consumers tend to be leaner than non-nut consumers, and clinical trials [20–24], which report
that when nuts are added to the diet, there is no weight gain or less weight gained than predicted.
There are several mechanisms that may explain this consistent finding. Firstly, the composition of nuts,
which contain protein and fibre, may result in dietary compensation. Indeed, a recent review estimated
that dietary compensation accounted for 65%–75% of the additional energy provided by nuts [50].
Recent studies have also suggested that a substantial proportion of the energy in nuts is lost in the
faeces, suggesting that the metabolisable energy from nuts is 9%–32% less than that predicted using the
Atwater factors [51–53]. A third explanation is possibly the increase in metabolic rate observed with
the higher intake of unsaturated fats, although this has only been reported in studies investigating
peanuts [20,54,55].
There were no significant differences in blood pressure between nut and non-nut consumers in
the present study. Data from NHANES 1999–2004 revealed that nut consumers had significantly lower
systolic blood pressure and prevalence of hypertension [29]. However, most clinical trials investigating
the effects of nut consumption on blood pressure have small sample sizes and tend to show mixed
results, with the majority reporting no effect on blood pressure [11,56].
Both epidemiological studies and clinical trials have also produced mixed results regarding the
relationship between nut consumption and the risk of developing type 2 diabetes. Analysis of NHANES
data showed lower prevalence of risk factors associated with metabolic syndrome among nut
consumers [29]. In a cross-sectional analysis of the PREDIMED study in a group of individuals
with a wide range of nut intake and at high risk of cardiovascular disease, nut consumption was
associated with a significant reduction in the risk of obesity, metabolic syndrome and diabetes [31].
However, there were no significant associations for the components of metabolic syndrome, including
high blood pressure, dyslipidemia and fasting hyperglycaemia. Collectively, the evidence suggests
no association between diabetes risk and nut consumption, which is in agreement with the present
study, where there was no difference in the risk of diabetes between nut and non-nut consumers.
The risk of pre-diabetes was significantly reduced only among whole nut consumers compared to
whole non-nut consumers. This may reflect the more healthful effects of nuts when consumed alone
rather than as components of other foods. Given the equivocal findings on the association of nut
consumption and diabetes and metabolic syndrome, more well-designed studies are required in order
to draw definitive conclusions.
C-reactive protein is a marker of inflammation, which has been positively correlated with
CVD [57]. In the present study, CRP was significantly lower among total nut consumers compared
to non-total nut consumers. O’Neil et al. reported that ‘out of hand’ nut consumers had significantly
lower CRP compared to non-nut consumers [44]. Only around one-quarter of intervention studies in
this area have reported significant reductions in CRP with the regular consumption of nuts [58–60].
A limitation of the current study is that only CRP was measured, not high sensitivity CRP (hsCRP),
which is a more sensitive measure.
Whole blood, serum and red blood cell folate concentrations were higher among whole nut
consumers, whereas only serum folate was higher among total nut consumers. This finding is consistent
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with those of O’Neil et al., who reported significantly higher serum and red blood cell folate among
nut consumers in the NHANES 1999–2004 dataset [29]. Folate is also present in fruit and vegetables,
and many breakfast cereals are fortified with folic acid. Therefore, these higher concentrations of blood
folate could be due to the intake of nuts, but may also be a marker of a healthier diet.
The results of the present study should be interpreted with several limitations in mind.
Firstly, the cross-sectional design of the study means causal inferences cannot be drawn.
The improvements in risk factors observed among nut consumers in this study and others may
be due to the addition of nutrient dense nuts to the diet. An alternative explanation is that nut
consumption may be a marker of a healthier diet. Nut consumers may simply be more health conscious
than non-consumers. Thus, a healthier lifestyle may explain the association of nuts with risk factors
(i.e., the associations observed could be the result of residual confounding by health consciousness).
This explanation cannot be excluded in the present study. A further limitation was that dietary intake
relied on memory and included only one 24-h diet recall for the identification of nut consumers, so it
may not represent usual nut intake. Therefore, the effects of regular nut consumption on the risk factors
examined here may have been under- or over-estimated. In addition, blood samples were not fasting in
order to enhance compliance. Thus, LDL-C and triglycerides were unable to be measured. Furthermore,
CRP was measured, which is less sensitive than hsCRP. Waist circumference was measured over light
clothing, and this is known to introduce bias to the measurement [61]. Lastly, individuals with type
1 and 2 diabetes could not be differentiated; however, over 90% of people with diabetes in NZ are
reported to have type 2 diabetes [62].
The strengths of this study include the rigorous coding of food items collected through a
multi-stage process and the use of NZ-specific compositional data, allowing confidence in the collected
estimates of the intake for nuts. Other strengths of the study are its large sample size, permitting precise
estimation of the effects, and the use of a representative, after weighting, population-based sample.
In addition, several unique outcomes in relation to nut consumption were investigated, including
ABSI and cardiovascular risk category.
5. Conclusions
In summary, this is the first study using national data from NZ to examine the effects of nut
consumption on risk factors for chronic disease. In agreement with other studies conducted in the U.S.,
Europe and Iran, nut consumers were leaner with reduced central adiposity and had better outcomes
for a variety of biochemical indices compared to non-consumers, which collectively may reduce the
risk of chronic disease.
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Abstract: Indonesia is facing household-level double burden malnutrition. This study aimed at
examining (1) household-level double burden for the mother-child and father-child pairs; (2) risk
of adiposity of double burden households; and (3) associated dietary factors. Subjects were 5th and
6th grade elementary school children (n = 242), their mothers (n = 242), and their fathers (n = 225) in
five communities (1 = urban, 4 = rural) in the Bandung District. Questionnaires on socioeconomic
factors, blood hemoglobin measurements, and anthropometric measurements were administered.
For adults, body fat percentage (BF%) was estimated by bioelectrical impedance (BF%-BI) and by
converting skinfold thickness (ST) data using Durnin and Womersley’s (1974) formula (BF%-ST).
Food frequency questionnaires were also completed. Double burden was defined as coexistence of
maternal or paternal overweight (Body mass index (BMI) ě 23) and child stunting (height-for-age
z-score <´2) within households. Maternal-child double burden occurred in 30.6% of total households,
whereas paternal-child double burden was only in 8.4%. Mothers from double burden households
showed high adiposity; 87.3% with BF%-BI and 66.2% with BF%-ST had BF% >35%, and 60.6% had
waists >80 cm. The major dietary patterns identified were “Modern” and “High-animal products”.
After controlling for confounding factors, children in the highest quartile of the “High-animal
products” dietary pattern had a lower risk of maternal-child double burden (Adjusted OR: 0.46,
95% CI: 0.21–1.04) than those in the lowest quartile. Given that the “High-animal products” dietary
pattern was associated with the decreased risk of maternal-child double burden through a strong
negative correlation with child stunting, improving child stunting through adequate intake of animal
products is critical to solve the problem of maternal-child double burden in Indonesia.
Keywords: double burden; malnutrition; adiposity; food frequency questionnaire; Indonesia
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1. Introduction
Nutrition transition comprises food consumption and physical activity changes caused by lifestyle
transformations resulting from rapid urbanization and modernization [1]. Whereas this process
occurred gradually in developed countries, in many developing countries it has been proceeding at
a faster rate [2]. Consequently, many developing countries are facing increasing rates of overweight
and obesity [3,4], though undernutrition is still prevalent in these countries. This coexistence of
overnutrition and undernutrition is often referred as the double burden of malnutrition [2,5,6].
Researchers have revealed that double burden occurs not only at the country level [5,7], but also
at the household level [8,9].
As for household-level double burden, most literature has examined the relationship between
mother and child. These studies revealed that in several countries mothers are overweight whereas
their children are stunted in the same household [9,10]. However, the relationship between father and
child at the household level has scarcely been investigated.
Body mass index (BMI) has been commonly used to define maternal overweight in double burden
households [2,6,9,10], despite the fact that it does not directly measure adiposity. Excess adiposity
is associated with increased risk of non-communicable diseases (NCDs) such as type 2 diabetes and
cardiovascular disease [11,12]. NCDs are the leading cause of global disease burden [13], with 80% of
mortality from NCDs occurring in low- and middle-income countries [14]. However, the actual risk of
adiposity among mothers in double burden households has not been studied.
Identification of risk factors of the double burden household has been investigated from the
perspective of socioeconomic characteristics of these households [10,15,16]. Several studies have
revealed that double burden is associated with older maternal age [6,10], maternal short stature [15,16],
larger family size [15,17], and higher levels of maternal education [6,10]. However, food consumption
patterns of household members, which mediate socioeconomic characteristics of the household, and
physical characteristics of household members, have scarcely been studied as associated factors of
double burden. For example, higher risk of double burden in urban residents was interpreted to
be associated with a rapid shift to inactivity and an energy-dense diet [10], but empirical data for
explaining such an association are limited. One such example of the limited literature is that of a study
in Malaysia, which concluded that the variety of food available to children decreases the risk of double
burden [17].
Until recently, three studies have reported double burden of malnutrition at the household level in
Indonesia [2,6,18] using secondary data analysis with a large sample size. The first study analyzed data
from the Indonesian Nutrition Surveillance System (INSS) in 2000–2003 and found that overweight
mother and stunted child pairs were found among 11% of rural households in Indonesia [6]. The latter
two studies used the same dataset, the Indonesian Family Life Survey (IFLS), from different years.
Roemling and Qaim [2] analyzed 1993 (IFLS1), 1997 (IFLS2), 2000 (IFLS3), and 2007 (IFLS4) data as
a panel and found the proportion of double burden households increased between 1993 and 1997,
but remained relatively stable since that time. Vaezghasemi analyzed 2007 (IFLS4) data and found that
19% of households had at least one underweight and one overweight member of the household [18].
These studies have investigated determinants of double burden households using socioeconomic
characteristics of the households, whereas the relationship between double burden and food intake
patterns has not been analyzed.
The objectives of this study were (1) to examine double burden structure at the household
level, not only for the mother-child pair but also for the father-child pair; (2) to compare the
adiposity related physical characteristics of double burden household members and non-double
burden household members; and (3) to explore the association of dietary patterns of the household
members with the occurrence of double burden. The targets for this study were five communities
(1 urban and 4 rural) in the Bandung District in West Java, Indonesia.
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2. Methods
2.1. Study Area and Subjects
The present study was conducted as a part of the Environmental Research in Rural Asia
(ENVRERA) project that aimed to examine the effects of subsistence change (i.e., from self-subsistence
to commercial cash cropping) on chemical exposures and on the well-being of people [19]. The study
communities were selected so that they varied in terms of their subsistence patterns. The study
sites included five communities within the Citarum Watershed, West Java, Indonesia: Bongas (B),
an agricultural village facing the Saguling dam with a fish culture and rice cropping; Cihawuk (C),
an agricultural village with vegetable cropping; Taruma Jaya (T), an agricultural village with dairy
husbandry and vegetable cropping; Pasir Pogor (P), an agricultural village with rice cropping; and
Sekeloa (S), an urban community in Bandung city (Figure 1).
Figure 1. Map of the study sites.
Data collection was conducted from August to September 2006 in communities B, C, and T, and in
March 2007 in communities P and S. One of the authors (Budhi Gunawan) selected two elementary
schools from each community and obtained the permission from the school head to collaborate on this
project. Then, school teachers selected 50 students in the 5th and 6th grades of each elementary school
who met the inclusion criteria. The inclusion criteria for a student were that his/her mother, father, and
sister/brother could participate in the study. In case we could not obtain 50 students from the 5th and
6th grades of each elementary school, students whose mothers or fathers were not available but another
adult (aged 20 years or above) was available were recruited for the study. These selection criteria were
used to enable us to examine within (siblings or husband and wife) and between household variation
in terms of chemical exposures and their related health effects. In each household that fulfilled the
selection criteria, four members (two adults and two children) were invited to participate in the study.
A total of 929 people participated in the ENVRERA project in the five communities. Because the ages of
the sisters/brothers of 5th or 6th grade school children were diverse, this paper only targeted 5th or 6th
grade school children. Furthermore, as our interest was to analyze double burden for mother-child and
father-child pairs and it was difficult to recruit fathers to a survey conducted during the daytime, this
paper only targets 242 children in 5th or 6th grade whose mothers were also available. Thus, the final
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sample for this paper was 242 children and their mothers (n = 242) and fathers (n = 225). Breakdown
of the number of participants by community was as follows; 242 children (communities B = 51, C = 52,
T = 4 8, P = 50, S = 41), 242 mothers (communities B = 51, C = 52, T = 48, P = 50, S = 41), and 225 fathers
(communities B = 47, C = 52, T = 48, P = 49, S = 29).
2.2. Physical Check-up
A health camp was set up at each elementary school where questionnaire surveys on
socioeconomic characteristics, anthropometric measurements, urine and blood sampling and testing,
and questionnaire surveys on their food consumption habits using food frequency questionnaires
(FFQ) were conducted.
2.3. Questionnaire Survey on Socioeconomic Characteristics
Names, ages, genders, occupations, and education history of all household members, as well as
possession of goods of the household, water source and sanitation, and land ownership were asked
using a structured questionnaire. Possession of goods was asked for five items including a radio,
TV, refrigerator, telephone, and mobile phone. Possession of each item was scored as 1, and a total
score was used as a “possession of goods” score.
2.4. Anthropometric Measurements
Anthropometric measurements were taken by one of the authors (Makiko Sekiyama) following
standard methods [20]. Body weight was measured to the nearest 0.1 kg and the percentage of body
fat (BF%) was estimated using bioelectrical impedance with a body composition analyzer (DC-320,
Tanita Co., Ltd., Tokyo, Japan). Height was measured to the nearest 0.1 cm using a portable stadiometer.
Skinfold thicknesses at the biceps, triceps, subscapular, and suprailiac were measured three times with
GPM skinfold calipers (Siber Hegner & Co., Ltd., Zurich, Switzerland) that can measure up to 40 mm
with a precision of 0.2 mm. The three measurements at each site were averaged for the statistical
analyses. For an adult, using skinfold thickness data, BF% was calculated according to Durnin and
Womersley [21]. Waist and hip circumference was measured with a plastic tape with a precision of 1
mm and waist-to-hip ratio (WHR) was calculated for adults. Mid-upper arm circumference (MUAC)
was also measured with a plastic tape with a precision of 1 mm. For children, z-scores for height-for-age
(HAZ) were calculated as nutritional indicators based on the WHO growth references published in
2007 for children older than 5 years [22] using EPI-INFO (Version 7, Centers for Disease Control and
Prevention, Atlanta, GA, USA).
2.5. Hemoglobin (Hb)
Capillary whole blood was collected via finger prick from each participant by one of the authors
(Linda Dewanti; an Indonesian physician), with Hb concentrations measured on site using a battery
operated photometric analyzer (Test-mate; EQM Research, Cincinnati, OH, USA).
2.6. FFQ (Food Frequency Questionnaire)
A FFQ including 22 food items was developed based on the results of one of the author’s
(Makiko Sekiyama) preliminary surveys [23,24]. The 22 food items were rice, potato, tofu/tempeh,
fresh vegetable, cooked vegetable, indigenous fruit, non-native fruit, egg, salted fish, freshwater fish,
sea fish, chicken, beef, goat meat, duck meat, noodle, tea/coffee, milk, meatball, fried sweets, bread,
and snack. The consumption frequency was asked using 9 alternatives and converted into weighing
factors for statistical analysis: (1) almost never = 0; (2) one to three times per month = 0.07; (3) once per
week = 0.1; (4) two to four times per week = 0.4; (5) five to six times per week = 0.8; (6) once per day = 1;
(7) two to three times per day = 2.5; (8) four to six times per day = 5; and (9) more than six times per
day = 6. Indigenous fruits are those planted locally such as papayas and guavas, whereas non-native
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fruits are those not planted locally but available in the market or local shop such as apple, orange,
and grape.
2.7. Ethics
Ethical approval for the study was obtained from the Research Ethics Committee at Graduate
School of Medicine, the University of Tokyo (Approval No. 1505) and Padjadjaran University.
The purpose and procedures of the study were explained to the participants and written informed
consent was obtained from all study subjects.
2.8. Statistical Analysis
Stunting was defined as a height-for-age z-score (HAZ) <´2 according to the World Health
Organization (WHO) growth standards [22]. BMI was calculated as a ratio of weight (kg)/height (m)2.
Concerning the overweight cutoff, Asian populations were found to have a higher level of BF% at
lower levels of BMI than other ethnic groups [25]. Thus, adult overweight was classified as a BMI
(in kg/m2) ě23 to capture the increased risk of NCDs [26]. Double burden was defined as coexistence of
maternal or paternal overweight and child stunting within the same household. Namely, paternal-child
double burden was coexistence of paternal overweight and child stunting within the same household,
and maternal-child double burden was coexistence of maternal overweight and child stunting within
the same household.
A principal component analysis based on the 22 food items was conducted to assess the major
dietary patterns among the subjects. In determining the number of factors to retain, we considered the
results of the Scree test, eigenvalues greater than 1, and interpretability of the factors [27]. Factors were
then rotated with an orthogonal rotation procedure (varimax rotation). Labeling of dietary patterns was
based on the interpretation of foods with high factor loadings for each dietary pattern [28]. Only foods
with a factor loading ě|0.25| were included in this study. Factor scores for each dietary pattern were
categorized into quartiles (quartile 1 represented a low intake of the food pattern; quartile 4 represented
a high intake of the food pattern), separately for child, mother, and father. Association between dietary
patterns with child stunting, with maternal overweight, and with paternal overweight was analyzed
using logistic regression analysis, adjusted for potential confounders.
Age, gender, and physical characteristics were compared between maternal-child double burden
and non-double burden households. Comparisons between double burden and non-double burden
households were conducted using a t-test for maternal height, which was the only variable to fit a
normal distribution. For other parameters that did not fit a normal distribution, comparisons were
made using the Mann-Whitney U-test. Relevant socioeconomic factors associated with maternal-child
double burden were analyzed using logistic regression analyses. Descriptive statistics were used
to examine the full distribution of variables. Using appropriate cutoffs, categorical variables were
created for maternal age (<30, 30–39.9, or ě40 year), maternal education (no schooling, elementary or
secondary school, or >secondary school), maternal height (<145, 145–149.9, or ě150 cm), and parity
(1–2, 3–5, or ě6). Each socioeconomic factor was firstly put in the univariate logistic regression
analysis to examine its association with maternal-child double burden, then only those associated at
the p < 0.1 level were included in the multiple logistic regression models. Associations between dietary
patterns of mother and child and the maternal-child double burden were also analyzed using logistic
regression analysis, adjusted for potential confounders. For all analyses using logistic regression
models, odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were calculated with
statistical significance defined as p < 0.1. All analyses were performed using the Statistical Package for
Social Science (SPSS) software package (Version 10.0, SPSS Inc., Chicago, IL, USA).
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3. Results
3.1. Characteristics of the Subjects
Table 1 shows the ages and physical characteristics of the study subjects. For the children, the mean
age was 11.1 years, mean HAZ was ´2.15, and the stunting ratio was 57.9%. For the fathers, the mean
age was 41.6 years, mean BMI was 21.1 kg/m2, and the proportion of overweight (BMI ě 23) was
18.7%. For the mothers, the mean age was 36.9 years, mean BMI was 23.8 kg/m2, and the proportion
of overweight (BMI ě 23) was 53.7%.
Table 1. Characteristics of child, father, and mother subjects.
n Age Height (cm) HAZ
a Stunting (HAZ < ´2) Weight (kg) BMI b (kg/m2) Overweight (BMI ě 23)
Mean ˘ SD Mean ˘ SD Mean ˘ SD % Mean ˘ SD Mean ˘ SD %
Child 242 11.1 ˘ 0.86 132.8 ˘ 7.08 –2.15 ˘ 1.01 57.9 27.9 ˘ 5.33 15.7 ˘ 1.73
Father 225 41.6 ˘ 9.06 160.1 ˘ 6.35 54.1 ˘ 8.43 21.1 ˘ 2.68 18.7
Mother 242 36.9 ˘ 6.83 149.1 ˘ 4.97 53.1 ˘ 9.15 23.8 ˘ 3.67 53.7
a Height-for-age z-score; b Body mass index; SD: Standard deviation.
Socioeconomic characteristics of the subject households were also obtained from the questionnaire
survey. Regarding the land ownership, only 13.2% of the households owned paddy fields and 22.4%
of the households owned vegetable fields. Consequently, though the main occupation of the subject
father was agricultural work (30.2%), 60.2% of them were agricultural wage laborers. The main water
source of the subject households were spring (60.8%) and well (37.3%), while some of the households
in community B used lake water especially in dry season due to the scarcity of well water. 57.2% of
the subject households owned their private toilet facilities, whereas 49.7% of them used the shared or
public toilet facilities.
With regard to the birth-related factors, the mean parity of the subject mothers was 3.28 ˘ 1.63.
Information of birth weight, which is the important birth-related factors affecting future nutritional
status, was not obtained from the study subjects, because the bulk of child deliveries were made at
home without measurement of birth weight.
3.2. Paternal-Child and Maternal-Child Double Burden
Table 2 shows that paternal-child double burden (coexistence of paternal overweight and
child stunting) was found only in 8.4% of the targeted households, whereas maternal-child double
burden (coexistence of maternal overweight and child stunting) was observed in 30.6% of the
targeted households.
Table 2. Maternal-child and paternal-child pair double burden.
Non-Obese (%) Obese (%)
Father Mother Father Mother
Child
Non-Stunting (%) 29.8 19.0 10.2 23.1
Stunting (%) 51.6 27.3 8.4 30.6
3.3. Dietary Patterns of the Subjects
Two major dietary patterns, explaining 25.7% of the total variance in the consumption of the
22 food items, were identified in the principal component analysis. For each of the two major dietary
patterns, foods with a high factor loading (set at 0.25 or greater) are shown in Table 3. The first dietary
pattern was named as the “Modern” dietary pattern, which was characterized by a high consumption
of flesh foods such as egg (factor loading = 0.559), freshwater fish (0.557), and milk (0.524), and of
instant snack foods such as meatball (0.541), fried sweets (0.483), noodle (0.473), and snack (0.462).
The second dietary pattern was named as the “High-animal products” dietary pattern because it was
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characterized by high consumption of animal products such as beef (0.556), goat (0.487), chicken (0.349),
and duck (0.258), but low consumption of salted fish (´0.465). One example of the salted fish available
in this area is the small fish of the Engraulidae family (called ikan teri in the Indonesian language).
Because of its salty taste, local people consume very small portions of salted fish with large amounts
of rice.
Table 3. Factor loading matrix for the major factors (dietary patterns) identified by using food
consumption data.























Fried sweets 0.483 –0.296
Bread 0.429
Snack 0.462
Absolute values < 0.25 were not listed in the table; the first factor explained 16.7% of the total variance and the
second factor explained 8.96% of the total variance.
3.4. Dietary Patterns and Child Stunting, Paternal Overweight, and Maternal Overweight
Table 4 shows associations between dietary patterns of children and child stunting,
dietary patterns of fathers and paternal overweight, and dietary patterns of mothers and maternal
overweight. After controlling for potential confounding factors, mothers in the middle (Q2–Q3)
and highest quartile (Q4) of the “Modern” dietary pattern had higher risk of overweight (Adjusted
OR = 2.34, 95% CI = 1.20–4.57 for Q2–Q3; Adjusted OR = 2.63, 95% CI = 1.12–6.17 for Q4) compared with
the lowest quartile (Q1 = reference). Children in the highest quartile (Q4) of the “High-animal products”
dietary pattern had a lower risk of stunting (Adjusted OR = 0.36, 95% CI = 0.16–0.80) than those in the
lowest quartile (Q1). Fathers in the highest quartile (Q4) of the “High-animal products” dietary pattern
had a higher risk of overweight (Adjusted OR = 3.92, 95% CI = 1.13–13.6) than those in the lowest
quartile (Q1). Confounding factors considered in this analysis were age, gender, and possession of
goods for children, and age, possession of goods, and occupation for fathers and mothers. Possession of
goods was used as a proxy for household socioeconomic status and occupation was used as a proxy
for physical activity level.
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Table 4. Association of the two identified dietary patterns with child stunting, maternal overweight,
and paternal overweight.
Child Stunting Maternal Overweight Paternal Overweight
OR (95% CI) p OR (95% CI) p OR (95% CI) p
Model 1 a,c
Modern
Q1 1.00 – 1.00 – 1.00 –
Q2–Q3 0.85(0.45–1.61) 0.623 2.60 (1.36–4.98) 0.004 1.81 (0.68–4.80) 0.232
Q4 0.76(0.37–1.57) 0.459 3.53 (1.65–7.53) 0.001 3.33 (1.19–9.30) 0.021
High-animal products
Q1 1.00 – 1.00 – 1.00 –
Q2–Q3 0.59(0.30–1.14) 0.115 0.89 (0.48–1.66) 0.708 2.83 (0.92–8.71) 0.071
Q4 0.38(0.18–0.79) 0.010 1.07 (0.52–2.21) 0.853 6.16 (1.93–19.7) 0.002
Model 2 b,c
Modern
Q1 1.00 – 1.00 – 1.00 –
Q2–Q3 1.03(0.53–2.00) 0.929 2.34 (1.20–4.57) 0.013 1.28 (0.45–3.60) 0.647
Q4 1.01(0.46–2.21) 0.980 2.63 (1.12–6.17) 0.026 1.00 (0.30–3.26) 0.994
High-animal products
Q1 1.00 – 1.00 – 1.00 –
Q2–Q3 0.60(0.30–1.19) 0.143 0.92 (0.48–1.76) 0.802 2.59 (0.78–8.54) 0.119
Q4 0.36(0.16–0.80) 0.012 0.95 (0.44–2.04) 0.892 3.92 (1.13–13.6) 0.032
a Unadjusted; b Adjusted for age, gender, and possession of goods for children; adjusted for age, possession
of goods, and occupation for fathers and mothers; c For each dietary pattern, quartile values were separately
calculated for child, mother, and father; associations between child dietary patterns and child stunting,
between maternal dietary patterns and maternal overweight, and between paternal dietary patterns and
paternal overweight were examined. OR: odds ratio; CI: confidence interval.
3.5. Age, Gender, and Physical Characteristics of Maternal-Child Double Burden Households
Age, gender, and physical characteristics were compared between maternal-child double burden
and maternal-child non-double burden households (Table 5). For the children, age and gender were
not different between double burden and non-double burden groups. As for physical characteristics
of the children, height, weight, HAZ, BMI, waist, hip, MUAC, sum of skinfold thickness, and
Hb were compared between double burden and non-double burden groups. In terms of physical
characteristics of the mothers, height, weight, BMI, waist, hip, WHR, MUAC, sum of skinfold
thickness, BF% measured by bioelectrical impedance (BF%-BI), BF% calculated using skinfold
thickness based on Durnin and Womersley’s (1974) formula (BF%-ST), and Hb were compared
between double burden and non-double burden groups. The results show that for the children,
height (p < 0.001) and HAZ (p < 0.001) were significantly lower in the double burden group.
For mothers, weight (p < 0.001), BMI (p < 0.001), waist (p < 0.001), hip (p < 0.001), WHR (p < 0.05),
MUAC (p < 0.001), sum of skinfold thickness (p < 0.001), BF%-BI (p < 0.001), BF%-ST (p < 0.001),
and Hb (p < 0.01) were significantly higher in the double burden group. Mothers from double
burden households showed high adiposity: BF%-BI = 39.0% ˘ 5.51%, BF%-ST = 35.1% ˘ 6.90%,
waist = 82.1 ˘ 9.38 cm.
3.6. Association of Maternal-Child Double Burden with Sociodemographic Variables
Table 6 shows sociodemographic characteristics of maternal-child double burden and
maternal-child non-double burden households and the association with maternal-child double burden.
Sociodemographic factors that were significantly associated with maternal-child double burden
included age of the child (OR = 1.34, 95% CI = 0.96–1.88), maternal education higher than secondary
school level (OR = 0.33, 95% CI = 0.09–1.15), and maternal occupation as housewife (OR = 0.49, 95%
CI = 0.22–1.12) in the univariate analysis. Then, the variables that were significantly associated with
maternal-child double burden in the univariate analysis (p < 0.1) were entered into a multivariate
analysis. The results show that age of the child (Adjusted OR = 1.44, 95% CI = 1.00–2.08) and maternal
occupation as housewife (Adjusted OR = 0.45, 95% CI = 0.19–1.05) remained as significant factors for
maternal-child double burden.
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3.7. Association of Maternal-Child Double Burden with Dietary Patterns of Mother and Child
Table 7 shows associations between dietary patterns of child and mother, and maternal-child
double burden from the logistic regression analysis. After controlling for the confounding factors
detected in Table 6, children in the highest quartile of the “High-animal products” dietary pattern had
a lower risk of maternal-child double burden (Adjusted OR = 0.46, 95% CI = 0.21–1.04) than those in
the lowest quartile.
Table 5. Age, gender, and physical characteristics of children and mothers from maternal-child double









Age in months 140.5 ˘ 8.94 138.0 ˘ 10.8 0.154
Gender
Male 32 83 0.834
Female 41 86
Height (cm) 129.8 ˘ 4.64 134.2 ˘ 7.54 0.000
Weight (kg) 26.7 ˘ 3.40 28.5 ˘ 5.90 0.055
HAZ b ´2.72 ˘ 0.53 ´1.90 ˘ 1.06 0.000
BMI 15.8 ˘ 1.40 15.7 ˘ 1.86 0.217
Waist (cm) 56.6 ˘ 3.91 57.5 ˘ 5.74 0.364
Hip (cm) 69.1 ˘ 6.18 69.8 ˘ 5.96 0.264
MUAC (mm) 18.4 ˘ 1.44 19.0 ˘ 4.84 0.771
Sum of skinfold thickness (mm) 31.5 ˘ 7.34 31.8 ˘ 11.7 0.321
Hb (g/dL) 12.7 ˘ 1.55 13.1 ˘ 1.00 0.184
Maternal characteristics
Age 35.7 ˘ 6.20 37.4 ˘ 7.03 0.074
Height (cm) 148.7 ˘ 5.25 149.3 ˘ 4.85 0.620
Weight (kg) 58.2 ˘ 6.87 50.9 ˘ 9.14 0.000
BMI c (kg/m2) 26.3 ˘ 2.29 22.8 ˘ 3.66 0.000
Waist (cm) 82.1 ˘ 9.38 75.5 ˘ 13.0 0.000
Hip (cm) 97.9 ˘ 10.4 91.8 ˘ 13.5 0.000
WHR d 0.86 ˘ 0.23 0.82 ˘ 0.16 0.016
MUAC e (mm) 28.2 ˘ 2.06 26.2 ˘ 5.87 0.000
Sum of skinfold thickness (mm) 86.5 ˘ 23.9 64.0 ˘ 28.6 0.000
BF%-BI f (%) 39.0 ˘ 5.51 32.9 ˘ 6.61 0.000
BF%-ST g (%) 35.1 ˘ 6.90 31.7 ˘ 6.80 0.000
Hb h (g/dL) 13.4 ˘ 1.30 12.6 ˘ 1.84 0.001
a Comparisons between double burden and non-double burden households were conducted using a t-test for
maternal height, which was the only variable to fit a normal distribution; for other parameters, which did not
fit a normal distribution, comparisons were made using the Mann-Whitney U-test; b Height-for-age z-score;
c Body mass index; d Waist to hip ratio; e Mid-upper arm circumference; f Body fat percentage measured
by bioelectrical impedance; g Body fat percentage calculated using skinfold thickness based on Durnin and
Womersley’s (1974) formula [21]; h hemoglobin. SD: Standard deviation.
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Table 7. Association of double burden with dietary patterns.
Child Diet Maternal Diet
OR (95% CI) p OR (95% CI) p
Model 1 a
Modern
Q1 1.00 – 1.00 –
Q2–Q3 1.07 (0.55–2.09) 0.847 0.99 (0.50–1.95) 0.972
Q4 0.92 (0.42–2.03) 0.841 0.92 (0.42–2.03) 0.840
High-animal products
Q1 1.00 – 1.00 –
Q2–Q3 0.79 (0.41–1.51) 0.479 1.36 (0.68–2.71) 0.381
Q4 0.48 (0.21–1.07) 0.073 0.92 (0.40–2.08) 0.834
Model 2 b
Modern
Q1 1.00 – 1.00 –
Q2–Q3 1.12 (0.57–2.21) 0.740 1.01 (0.51–2.02) 0.972
Q4 0.98 (0.44–2.16) 0.949 0.92 (0.40–2.11) 0.839
High-animal products
Q1 1.00 – 1.00 –
Q2–Q3 0.81 (0.42–1.57) 0.786 1.45 (0.72–2.95) 0.300
Q4 0.46 (0.21–1.04) 0.064 1.01 (0.43–2.33) 0.991
a Unadjusted; b Adjusted for child’s age and mother’s occupation, which were significantly associated with
maternal-child double burden (Table 6); OR: odds ratio; CI: confidence interval.
4. Discussion
4.1. Double Burden Structure at the Household Level
To the best of our knowledge, this is the first study that examined double burden structure at the
household level for both mother-child and father-child pairs in the same household using primary
data in Indonesia. We found that double burden in mother-child pairs exist in 30.6% of the subject
households, whereas that of father-child pairs exists in only 8.4% of the subject households.
The percentage of double burden in mother-child pairs observed in this study was higher than
that of the previous study conducted in rural Indonesia [6]. Those authors reported that maternal
overweight and child stunting coexisted in 11% of the rural population throughout Indonesia.
As pointed out by Vaezghasemi [18], the prevalence of double burden largely differs across the
provinces in Indonesia. Among 13 provinces analyzed in Vaezghasemi’s study, the prevalence of
double burden in West Java was 4th highest. Thus, the higher prevalence of double burden observed
in maternal-child pairs in our study would be partly attributable to this regional difference.
Our study revealed that the risk of double burden within the same household was larger among
mother-child pairs than for father-child pairs. Among households whose mothers were overweight,
only 24.0% had an overweight father and the rest (76.0%) had a non-overweight father. This gender
difference in the prevalence of overweight has been reported in several studies in Indonesia [2,29],
and is more pronounced than other countries in Asia such as China, Vietnam, and Nepal [30].
4.2. Adiposity Related Physical Characteristics of Double Burden Household Members
A novel aspect of our study is that the data include physical measurements related to
adiposity. Among children, physical characteristics were not different between double burden and
non-double burden groups except for height and HAZ. Among mothers, however, almost all physical
characteristics differed between the double burden and non-double burden groups. Mothers in the
double burden group had higher BF%, waist and hip circumference, WHR, MUAC, and the sum of
skinfold thickness than those in the non-double burden group.
It is frequently stated in the literature that in the case of obesity or adiposity the BF% exceeds
25% in males and 35% in females [12,31]. In our analyses, we used two methods, BF%-BI and BF%-ST,
for estimating BF%. The percentage of mothers whose BF% exceeded 35% was 87.3% using the
BF%-BI method and was 66.2% using the BF%-ST method. A Tanita bioelectrical impedance with a
body composition analyzer is often reported to underestimate BF% especially for fat individuals [32].
Durnin and Womersley’s [21] formula has been used to estimate BF% in Indonesian adults [33–35] and
has been reported to underestimate BF% by 1% compared with the deuterium dilution technique [35].
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Considering these technical biases, it was judged that at least 66% of mothers from double burden
households have obesity or adiposity based on BF% criteria. Moreover, 60.6% of mothers from double
burden households had a waist larger than 80 cm, which is frequently used as an Asian threshold of
waist circumference for metabolic syndrome [36]. It has been noted for a given BMI that Asians have a
higher body fat percentage compared with Caucasians [25], and thus we determined overweight as
a BMI (in kg/m2) ě23 to capture the increased risk of NCDs [26]. Even with this strict definition of
overweight, more than 60% of mothers from double burden households were categorized either with
adiposity or metabolic syndrome.
4.3. Dietary Patterns Relevant to Double Burden
Studies on the double burden problem in Indonesia scarcely mentioned the association between
double burden and dietary patterns. In this study, to identify the dietary patterns of the study subjects,
we administered a FFQ not at the household level but at the individual level, though we recruited
father, mother and child pairs from the same household. In the subject area, frequent snacking outside
the house is commonly observed not only for adults but also for children [23]. Also, family members
do not always take their meals together. Thus, it was judged to be necessary to obtain FFQ data from
each individual. Using the FFQ data, dietary patterns of the study subjects were identified by means of
principal component analysis and two major dietary patterns, “Modern” and “High-animal products”,
were identified.
The “Modern” dietary pattern was predominantly characterized by higher consumption of flesh
foods and instant snack foods. In this study area, instant snack foods such as meatball (called bakso
in the Indonesian language), noodle, and fried sweets are sold in retailers in the village (called
Warung in the Indonesian language) and peddlers. People often consume these snack foods instead of
taking their meals and the extent of the contribution of these foods to overall nutrition is relatively
high fat but low micronutrients [23]. A considerable body of literature has reported that traditional
population groups throughout the world are replacing their traditional food patterns rich in complex
carbohydrates, micronutrients, and fiber with diets high in refined sugars, animal products, and highly
processed foods [37]. Considering the contents and the greatest preference in the principal component
analysis, this dietary pattern likely reflects the nutrition transition phenomenon in this subject area.
With regards to the relationships with nutritional status, after controlling for confounding factors,
mothers in the middle quartiles and the highest quartile of the “Modern” dietary pattern had a higher
risk of overweight. This finding is in agreement with other studies that reported that modified dietary
patterns after the initiation of nutrition transition, frequently called a “Western diet”, have a positive
association with overweight among women [38,39].
The second dietary pattern identified by principal component analysis was the “High-animal
products” dietary pattern, which was characterized by high consumption of animal products such
as beef, goat, chicken, and duck but low consumption of salted fish. With regards to its association
with nutritional status, after controlling for confounding factors, children in the highest quartile had a
lower risk of stunting than those in the lowest, and fathers in the highest quartile had a higher risk
of overweight than those in the lowest. In developing countries, consumption of animal products
such as meat is often low in rural areas because of economic constrains [40]. Our data show that the
median intake frequency of meat was mostly less than once per week among the subjects in the lowest
quartile of the “High-animal products” dietary pattern; for example, among children, median intakes
of chicken: one to three times per month; beef: almost never; goat: almost never; and duck: almost
never. Animal products such as meat are not only the source of the animal proteins but also readily
available sources of iron, zinc, and preformed vitamin A [40]. It has been reported in many studies
that deficient intake of iron, zinc, and vitamin A, which are serious problems in some places in the
world, impairs linear growth in children [41,42].
In our analysis, the “High-animal products” dietary pattern was associated with decreased
risk of maternal-child double burden; after controlling for confounding factors, children in the
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highest quartile had a lower risk than those in the lowest. This association was highly related to
the strong negative correlation of the “High-animal products” dietary pattern with child stunting.
There was no association between the “High-animal products” dietary pattern and maternal
overweight. For example, quartiles of the “High-animal products” dietary pattern were not different
between overweight and non-overweight mothers (by χ2 test), but quartiles of the “High-animal
products” dietary pattern among overweight mothers were significantly different between those with
stunted children and those with non-stunted children (p < 0.1 by χ2 test). Thus, it was judged that it is
critical to improve the issue of child stunting through adequate intake of animal products.
4.4. Limitations
Our study has a few limitations that should be considered. First, the sample size is small compared
with previous studies discussing double burden issues in Indonesia. However, it is difficult to recruit
father- and mother-child pairs from the same household to understand double burden structure in
the household. Further, adiposity related physical characteristics and detailed information of food
consumption frequencies are not easy to assess when targeting a large sample. Second, we adapted
cutoff points for Asian populations for the classification of overweight, taking into account that
Asians tend to have higher risk of NCDs at lower BMIs. This means that caution is warranted in
terms of comparing our results with previous studies. Third, our food consumption data do not offer
quantitative data and, thus, principal components analysis was conducted based on the consumption
frequency. Even with this limitation, we adapted the principal components analysis considering the
increasing interest in nutritional epidemiology to capture the association between diet and its health
effects through dietary patterns, not through a single nutrient or food, because combined effects and
interactions of multiple nutrients cannot be captured by analyzing a single nutrient or food [27,38,43].
Despite these limitations, we believe the present study provides useful information for understanding
the degree of emerging household-level double burden of malnutrition in Indonesia.
5. Conclusions
The prevalence of double burden of malnutrition within the same household was three
to four times higher for mother-child pairs than for father-child pairs in West Java, Indonesia.
Furthermore, mothers from double burden households showed high levels of adiposity. Thus, further
studies and policies should address overweight and the risk of NCDs among overweight mothers
in double burden households as a rising health threat in Indonesia. This study also demonstrated
the significance of dietary pattern, which has been scarcely examined before in studies on double
burden of malnutrition. Dietary pattern characterized by high consumption of animal products but
low consumption of salted fish, as identified by a principal component analysis, was associated with
the decreased risk of maternal-child double burden through a strong negative correlation with child
stunting. Therefore, improving child stunting through adequate intake of animal products is critical to
solve the problem of maternal-child double burden in Indonesia.
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Abstract: In China, the rates of chronic diseases characteristic of countries in nutritional transition
have been increasing. However, few studies have examined diet changes in recent decades.
We analyzed dietary changes in Tianjin, China. The data in this descriptive, population-based study
in ě18-year-old adults were collected from three surveys from 1986 to 2011. Food consumption
and nutrient intake were compared among the three surveys separately for urban and rural areas.
Differences in food consumption between urban and rural areas in different periods were also shown.
The consumption of cereals, vegetables, and oils decreased, and that of fruits and beans increased
in both urban and rural areas. Moreover, the total consumption of animal foods, especially milk,
increased (0.01% in 1986–1988; 1.72% in 2008–2011) in rural areas. Although milk consumption also
increased in urban areas, consumption of other animal foods decreased (19.33% in 1986–1988; 13.74%
in 2008–2011). Meanwhile, cereals consumption rebounded from 22.63% in 2000–2004 to 29.75% in
2008–2011. Moreover, the lack of dairy products and some nutrients, e.g., retinol, calcium, and dietary
fiber (<80% of recommended nutrient intake), in the diet persisted in both urban and rural areas.
In conclusion, differences in diet between urban and rural areas decreased over time.
Keywords: nutrition survey; dietary pattern; urban area; rural area
1. Introduction
Human survival has always been based on foods and nutrients, which are also important
factors affecting the population’s quality and are closely related to economic and social development.
Meanwhile, economic progress and high levels of education can also change people’s dietary patterns.
Technological changes have reduced physical activity for work, travel, home production, and leisure.
Chinese consumption patterns have been transformed by changes in food technology, import controls,
food pricing, and mass media. China has undergone many marked dietary pattern shifts since 1949.
These include: (1) a period (1949–1957) when food production was inadequate and cereal consumption
was low; (2) the famine (1957–1962), which was linked with the Great Leap Forward; (3) a strong
recovery (1962–1979); (4) the subsequent reform period (1979–1985) after the liberalization of food
production, when the annual economic growth rate was greater than 10%; and (5) the current period
(since 1985), in which continued rapid economic growth and a remarkable shift in diet structure has
occurred [1–4]. Rapid economic and social change has transformed urban China and much of its rural
sector as well [5].
The classic Chinese diet includes cereals and vegetables with few animal foods. It is a diet that
many scholars consider to be the healthiest when adequate intake is achieved. An earlier study showed
rapid changes in diet [6]. As the classic dietary pattern shifts, intakes of cereals and many lower-fat,
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mixed dishes are being replaced, animal foods are becoming popular, and the consumption of edible
oils is increasing quickly. This shift in diet composition and corresponding body composition has
been accompanied by many positive and some negative changes [2]. Although infectious diseases
and hunger, the important causes of death in the 1950s, no longer affect most of the population,
the mortality burden has shifted to diet-related, non-communicable diseases (DR-NCDs), with a rapid
increase in the prevalence of obesity. Obesity and non-communicable diseases are the major causes of
morbidity, disability, and mortality in China, and the health system has to develop in order to care for
people with these conditions [7–9].
In 1985, China entered the fifth dietary pattern period (i.e., the current period), during which the
economy has further improved. China has been undergoing a fast shift towards a stage of nutrition
transition dominated by a high intake of fat and animal foods by 2004, as well as a high prevalence
of DR-NCDs [10]. Because of these, the Ministry of Health consigned the Chinese Nutrition Society
constituting the “Chinese Dietary Guidelines” (2007) and the “Food Guide Pagoda (FGP) for Chinese
Residents” (2007) which were published after two years of hardships [11]. To our knowledge, no
study based on the changes after that has been carried out in China to date. The present study added
some new information after 2007, which had not been assessed before, and explored a nutritional
shift in different time periods by using a sample from urban and rural Tianjin, one of four large cities
in China. We used data on individual diets from three independent representative samples of the
Tianjin population to examine the differences in food and nutrient intake and in the source of energy,
protein and fat for the periods of 1986–1988, 2000–2004, and 2008–2011(contained several key time
points of dietary changes during these periods). Moreover, we compared the latest data with FGP
(2007) to reveal the changes in 2008–2011. The full implications of these changes are then discussed.
2. Experimental Section
2.1. Data Sources and Subjects
Data from urban and rural areas were analyzed respectively in this study because of the imbalance
in economic development between urban and rural areas in China. Data for this study were primarily
obtained from three sources. First, the nutrition survey data from 1986 to 1988 in urban and rural
Tianjin (S1); second, annual household consumption surveys data from 2000 to 2004 (S2); and the third,
nutrition survey data from 2008 to 2011 in urban and rural Tianjin (S3). The three surveys covered all
six districts from urban areas and all five counties from rural areas in Tianjin. Data from 1986 to 1988
and from 2000 to 2004 were partially available [12–14]. The use of the data for 2008–2011 survey was
approved by the ethics committee of Tianjin Medical University.
A multistage, random cluster sample was used to draw the sample in three surveys. The surveys
collected information on all individuals, including all age groups, living in the household. Our study
included adults aged at least 18 years (ě18 years) in three surveys to comprise the study population
(Table 1). Moreover, the data for further comparison were converted to the level of reference person
(an 18-year-old man with light physical activity weighing 60 kg) so that the results are consistent
and comparable.
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Table 1. Composition of study population in Tianjin by three surveys (n, %)
Population Group
1986–1988 2000–2004 2008–2011
Urban (%) Rural (%) Urban (%) Rural (%) Urban (%) Rural (%)
Sex
Male 7061 (48.5) 1603 (49.3) 8076 (49.1) 5426 (49.4) 4674 (47.2) 3737 (49.0)
Female 7488 (51.5) 1649 (50.7) 8385 (50.9) 5555 (50.6) 5222 (52.8) 3891 (51.0)
Total 14,549 3252 16,461 10,981 9896 7628
Age (years)
18–29 3577 (24.6) 826 (25.3) 2316 (14.1) 2888 (26.3) 1017 (10.3) 1985 (26.0)
30–39 3334 (22.9) 760 (23.4) 4111 (25.0) 2712 (24.7) 2723 (27.5) 1840 (24.1)
40–49 2990 (20.6) 659 (20.3) 3137 (19.0) 2559 (23.3) 2672 (27.0) 1755 (23.0)
50–59 2464 (16.9) 650 (20.0) 3979 (24.2) 1787 (16.3) 1898 (19.2) 1419 (18.6)
60– 2184 (15.0) 357 (11.0) 2918 (17.7) 1035 (9.4) 1586 (16.0) 629 (8.3)
Total 14,549 3252 16,461 10,981 9896 7628
2.2. Dietary Analysis
Dietary data were collected via in-home interviews by a combination of the weighting method
and a seven-day consecutive record method. A food-weighted record method was used for S1 and S2.
The method was determined by weighing all food consumed by the household over seven consecutive
randomly selected days. All remaining food was weighed and recorded at the beginning and the end of
the survey. Household food consumption was determined by examining changes in every kind of food
from the beginning to the end of each day. All the newly brought foods were recorded. Food eating
outside was estimated when weighing was not possible. A seven-day consecutive record method
was used in S3; every household member was asked to record all food consumed over the previous
24 h for each of the seven days, no matter where it was eaten. Individuals were asked to record the
name and amounts of food consumed for every meal. The amount of food in each dish was estimated
according to some food pictures which showed different amounts of food on a 20 cm paper plate (e.g.,
Figure 1). Compared to the food-weighted record method, food intakes assessed by 24 h recall were
similar, and the relative differences were less than 10% of most food items [15]. Data obtained by these
methods correlated well with respect to individual food items and calculated nutrients.
Figure 1. Example of selection pictures for aiding estimatation of the amount of steamed buns eaten.
The food groups included were based on Chinese Food Composition Table [16]. The following
twenty food groups were included: cereals and grain products; potatoes and starches; beans and their
products; vegetables; mushrooms; fruits; nuts and seeds; red meat and their products; poultry and
their products; fish and shellfish; milk and dairy products; egg and egg products; snack and cakes;
292
Nutrients 2016, 8, 62
fast food; drinks; alcohol; sugar; flavors; fats and oils. However, S3 for 2008–2011 did not include
sugar, flavors, drinks and alcohol. In order to ensure the consistency of the food category and the
readability of the information, we removed these four groups. According to the results of three surveys,
food items with similar nutritional profiles were merged, and food items people ate less were put
together into new group which was called others. In total, 12 sub-categories were summarized to
compare the average food consumption. Moreover, 10 main food groups were used to compare the
food proportion according to the Food Guide Pagoda [17].
Food and nutrient intakes were assessed by calculating the amount for each reference person per
day according to the constitution of the population. A quantitative assessment of dietary intake was
analyzed using a computer dietary analysis. We determined total calories; percentage of calories
from total carbohydrate, protein, and fat; percentage of proteins from different kinds of foods;
and the following nutrients: cholesterol, fiber, vitamin A (retinol), vitamin B1 (thiamine), vitamin B2
(riboflavin), niacin, vitamin C (ascorbic acid), calcium, iron, zinc, and selenium using the Chinese Food
Composition Table [16]. The total retinol value of the diet was evaluated by the retinol equivalent (RE).
Food intakes were compared with the levels in the 2002 Chinese National Nutrition and Health Survey
(NNHS) [18,19] and the recommended intakes in the food guide pagoda (2007) [17], including intake
of cereals (250–400 g/day), vegetables (300–500 g/day), fruits (200–400 g/day), meats and poultry
(50–75 g/day), fish and seafood (50–100 g/day), eggs and egg products (25–50 g/day), milk and dairy
products (300 g/day), beans (30–50 g/day), and oil (25–30 g/day). We also determined the percentage
of selected recommended nutrient intakes (RNIs) and adequate intakes (AIs) [17]. The intake of
vitamin A was compared using AI; total fat (ď30% kcal/day), cholesterol (ď300 mg/day), vitamin B1,
vitamin B2, niacin, vitamin C, calcium, iron, zinc, and selenium were compared using RNI.
2.3. Statistical Analysis
The food and nutrient intake were calculated using Microsoft Office Excel 2003 (Microsoft Corp.,
Redmond, WA, USA). All analyses were performed separately for urban and rural areas. Mean daily
nutrient intake was derived for descriptive purposes. Values were expressed as means ˘ SD. Nutrient
intake and food consumption among the periods of 1986 to 1988, 2000 to 2004, and 2008 to 2011 were
compared using an analysis of variance. The statistical analysis was performed with SPSS 13.0 for
Windows (Chicago, IL, USA).
3. Results
3.1. Food Consumption Patterns
3.1.1. Proportions for Different Food Groups
A reduction of proportions for cereals, vegetables, and oil and an increase of proportions for fruits,
beans, milk and dairy products were found in both urban and rural areas for the periods of 1986–1988,
2000–2004, and 2008–2011 (Supplementary Table S1). Especially the proportions for fruits and milk
and dairy products increased sharply (i.e., from 1.01% for 1986–1988 to 16.29% for 2008–2011 and
from 0.01% for 1986–1988 to 1.72% for 2008–2011, respectively) in rural areas, while the proportion for
cereals decreased significantly. Whereas the proportions for cereals increased to 29.75% for 2008–2011
after falling to the lowest 22.63% for 2000–2004 in urban areas. Moreover, it also showed that the total
proportion for animal foods except milk and dairy products decreased in urban areas and increased in
rural areas.
3.1.2. Average Intakes for Different Food Groups
The mean food consumption levels from 2002 NNHS and FDP (2007) were used as reference.
The average intakes for different food groups for the periods of 1986–1988, 2000–2004, and 2008–2011
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were compared to each other (Table 2). Furthermore, a comparison of differences between urban and
rural areas in three periods was carried out for each food group (Figure S1).
Cereals
In urban areas, cereal intake decreased considerably from 1986–1988 to 2000–2004, but increased
during the period of 2008–2011 (p < 0.001) (Table 2). In rural areas, the mean intake of cereals decreased
gradually, from 483.03 g/reference person/day to 442.26 g/reference person/day (p = 0.807) (Table 2).
Therefore, the shift in cereal intake for rural areas was not obvious among the three discrete stages
from 1986 to 2011. The difference between urban and rural residents’ intakes increased from 88.36
g/reference person/day for 1986–1988 to 222.43 g/reference person/day for 2000–2004, and then
decreased to 51.04 g/reference person/day for 2008–2011(Figure S1). Both urban and rural residents’
cereal and tubers products intakes became slightly higher than the levels of FGP (Table 2).
Vegetables and Fruits
Intake of vegetables increased significantly in both urban and rural areas from 1986–1988 to
2000–2004, but decreased slightly for 2008–2011(Table 2). Urban residents’ intake was higher than rural
residents’. The difference between urban and rural residents’ intakes decreased from 68.84 g/reference
person/day for 1986–1988 to 53.86 g/reference person/day for 2000–2004 and then to 9.73 g/reference
person/day for 2008–2011 (Figure S1). Moreover, both urban and rural residents’ vegetable intake
in 2008–2011 was just a little lower than the recommended level of FGP (Table 2). However, the
mean intake of fruits increased considerably across all three time periods in both urban and rural
areas (Table 2). The intake of fruits for 2008–2011 was 4.57-fold and 25.28-fold higher than that for
1986–1988 in urban and rural areas, respectively. The difference between urban and rural residents’
intake decreased to 1.31 g/reference person/day (Figure S1). Furthermore, both urban and rural
residents’ fruit intake in 2008–2011 was in the recommended range of FGP (Table 2).
Animal Foods
The mean intake of total animal foods increased over time in both urban and rural areas. Rural
residents’ intake showed a more significant shift (the mean intake of total animal foods increased
by 106.77 g/reference person/day during the study period), especially with regard to the intake of
milk and dairy products (Table 2). Although the intake of milk was still less than the level of FGP
recommended, the intake for 2008–2011 was 176.31-fold higher than that for 1986–1988. Although the
overall increase (6.85 g/reference person/day) in intake for urban residents was less than that for rural
residents, urban residents’ daily intake of total animal foods was higher than that for rural residents
across all periods from 1986 to 2011. However, the intake of total animal foods except milk and dairy
products decreased in urban areas and increased in rural areas (Table 2). Urban residents’ intake of
meat and eggs was higher than the level of FGP recommended, while intake of milk was lower than
that level. Rural residents’ intake of egg in 2008–2011 was higher than the level of FGP recommended,
while intake of fish and milk was far lower than that (Table 2).
Beans and Bean Products
The intake of beans decreased from 1986–1988 to 2000–2004, but then increased considerably
for 2008–2011 in both urban and rural areas, and was even higher than the level of FGP (Table 2).
The mean intake of beans decreased by 5.72 g/reference person/day for urban residents and by
2.09 g/reference person/day for rural residents, and then increased by 82.77 g/reference person/day
and 55.30 g/reference person/day in urban and rural areas, respectively.
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Oils
The shift in oil intake in both urban and rural residents is very interesting. Urban residents’ mean
intake of oils was higher than that for rural residents for 1986–1988. Urban residents’ mean intake of
oils decreased by 14.15 g/reference person/day for 2000–2004, while rural residents’ mean intake of
oils increased by 3.95 g/reference person/day. Then, both urban and rural residents’ intake increased
for 2008–2011. Overall, rural residents’ mean intake of oils came from behind and was higher than that
for urban residents, and was even higher than the level of FGP recommended (Table 2).
3.2. Caloric and Nutrient Intakes
3.2.1. Caloric Intakes
Urban residents’ mean caloric intakes decreased over time, while there were no big changes
in rural areas (Table 3). Urban residents’ mean caloric intakes were higher than rural residents’
intakes for 1986–1988. During the five-year period from 2000 to 2004, urban residents’ mean
caloric intakes decreased by 671.46 kcal/reference person/day, while rural residents’ increased by
131.13 kcal/reference person/day. The difference between urban and rural residents’ caloric intakes
increased to 444.29 kcal/reference person/day by 2000–2004. Then, urban residents’ intakes increased
(by 164.84 kcal/reference person/day) and rural residents’ decreased (by 141.41 kcal/reference
person/day) for 2008–2011. Finally, rural residents’ intakes were slightly higher than those of
urban residents. The difference between urban and rural residents’ caloric intakes decreased to
138.04 kcal/reference person/day by 2008–2011(Table 3).
3.2.2. Nutrients Intakes and Selected Nutrients Intakes as Percent of RNI or AI
Urban residents’ protein, fat, and carbohydrate intakes all decreased over time. Both protein and
fat intakes increased in rural areas, but carbohydrate intake slightly decreased (Table 3). The intake
of dietary fiber increased for both urban and rural residents. And it had increased by 185.24% in
urban areas and by 249.34% in rural areas by 2008–2011 (Table 3). Rural residents’ mean intake of
cholesterol increased more quickly than did urban residents’ (135.61% vs. 4.82%, respectively), and the
cholesterol intake for rural residents was closer to that of urban residents for 2008–2011 (Table 3).
Additionally, retinol significantly decreased among urban residents for both 2000–2004 and 2008–2011
(p < 0.01), riboflavin and niacin significantly increased among rural residents for 2008–2011, and
thiamine significantly decreased for all residents and calcium and selenium significantly increased
among rural residents for both 2000–2004 and 2008–2011 (Table 3).
3.3. Composition of Energy, Protein and Fat
Regarding the food sources for energy, energy from cereals and grain products decreased
remarkably and that from animal foods and others increased significantly in rural areas in this
study period (Table 4). In urban areas, after an increased proportion of animal foods, the proportion
fell to 20.73% for 2008–2011 from 24.54% for 2000–2004. Furthermore, an increasing trend in energy
from beans and their products and a decreasing trend in that from pure energy foods were found in
both urban and rural areas (Table 4). Nutrient sources of energy changed remarkably: energy from
carbohydrates decreased from 54.10% to 51.00% (lower than the RNI) in urban areas and from 67.9%
to 55.26% (similar to the RNI) in rural areas, whereas energy from both protein and fat increased both
in urban and rural areas (Figure 2). And these changes were more obvious in rural areas.
Among the energy components, there was little change in the proportion of energy from protein,
but the proportion of protein from animals increased while protein from cereals decreased considerably.
This change was especially remarkable for rural residents; only 16.32% of their protein came from
animal foods for 1986–1988, but that increased to 17.3% for 2000–2004 and to 34.48% for 2008–2011,
while protein from cereals decreased from 69.88% to 40.17% (Figure 2).
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Energy from fat also slightly increased among urban residents to higher than the RNI.
However, the proportion of fat from animals showed a decreasing trend (from 48.12% for 2000–2004 to
37.85% for 2008–2011) (Figure 2). For rural residents, there was an obvious increase of the proportion
of energy from fat overall and fat from animals specifically (Figure 2). Thus, the energy and food
composition patterns are now more similar between urban and rural areas.
Table 4. The proportion of energy from different dietary food groups for urban and rural residents in
Tianjin in three different periods (%).
Food Category
Urban Rural
1986–1988 2000–2004 2008–2011 1986–1988 2000–2004 2008–2011
Cereals and grain products 48.61 37.54 41.90 68.68 74.53 48.73
Beans and their products 2.24 2.02 3.35 1.12 1.48 3.28
Potatoes and starches 1.16 1.45 1.59 1.05 0.10 1.48
Animal foods 16.79 24.54 20.73 5.18 7.74 16.56
Pure energy foods 16.51 16.19 15.24 17.27 12.04 15.92
Others 14.68 18.26 17.19 6.70 4.10 14.03
Total 100.00 100.00 100.00 100.00 100.00 100.00
Figure 2. Composition of energy from three energy nutrients and compositions of protein and fat from
different foods for urban and rural residents in three different periods.
4. Discussion
After the fourth, or reform period, from 1979 to 1985, China experienced remarkable
economic progress [4]. There was a significant increase in food production capacity and food
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yield. Living standards and food accessibility per capita increased rapidly. The current period
(since 1985) is the fifth period. Our study included data only from the fifth period, in which
there was further economic improvement. The total gross domestic product (GDP) increased from
201.7 billion USD in 1980 (the fourth period) to 354.6 in 1990, 1079.9 in 2000 and 5685.5 in 2010
(the fifth period). The per capita GDP was 309, 343, 945 and 4387 USD respectively in these
years [20]. The three periods (1986–1988, 2000–2004 and 2008–2011) in this study are just around
these years. Fortunately, we observed many dietary changes which indicated a slight and significant
improvement in the pattern of food intake in both urban and rural areas.
During the period of 1986 to 1988, food intake of key food types (cereals, vegetables, animal foods)
in urban areas was abundant except for fruits, beans, milk, and the oil. In particular, animal food was
very popular. However, the intake of most key food types (fruits, animal foods) in rural areas was
extremely rare except for cereals. Lack of calcium (due to a lack of milk and beans) and dietary fiber
(due to choice of cereals and inadequate vegetables and fruits) became a problem for both urban and
rural residents. Moreover, lack of riboflavin (due to choices in vegetable types or a lack of animal
foods), ascorbic acid (due to a lack of fresh fruits) and selenium (due to a lack of animal foods) were
found particularly in rural areas. After this period, the first food-based dietary guideline (FBDG) was
established in China in 1989, and a FGP was established in association with a revision of the FBDG
in 1997 [11].
To solve the problem in the first period, the recommendation in 1997 to consume “appropriate
amounts” of animal food, “plenty” of vegetables and fruits, and consume milk, beans or dairy- or
bean-products “everyday” were hoped to benefit both ends of the population [11]. During the period
of 2000 to 2004, although rural residents consumed a little more animal food, urban residents did
not change their total amount of animal foods. There was just a slight change in the proportion of
animal food (an increase in meat, poultry, milk and their products, a decrease in seafood, egg and their
products). In addition, an evident decrease in cereal intake and an increase in the intake of vegetables
and fruits were observed in urban areas. Cereals were no longer the main source of energy. About 50%
of the energy came from protein and fat, and most of this was from animal foods. Meanwhile, there was
also an obvious change in rural areas, especially the consumption of fruit (9.32-fold increase) and milk
(54.38-fold increase). However, lack of calcium and dietary fiber was still a major problem. In addition,
lack of retinol (due to choices in vegetable or animal foods types) became a new problem for both
urban and rural residents. Furthermore, lack of energy (due to low in cereals intake) and thiamine
(due to choice of refined grains) in urban areas and lack of riboflavin (due to low in animal foods
intake) in rural areas were found. These changes indicated that the guide partly affected consumption.
Moreover, a study showed the awareness rate of the FBDG among Chinese adults increased from
31.9% to 99.2% after education [21]. Therefore, secular and regular education should be effective to
increase the awareness and provide people a scientific and reasonable guidance.
During the second period, consumption of large amounts of meat, poultry, and oils and small
amount of cereals resulted in a rapid increase in the prevalence of non-communicable disease. By 2004,
nearly one-fourth of all Chinese adults were overweight. Moreover, the rate of change in the Chinese
overweight status was one of the most rapid in the world, far larger than that in the United States [22,23],
and these changes are accelerating [24]. There is in China a large increase in nutrition-related causes
of death, such as cancer and cardiovascular disease [25,26]. These causes are directly linked to diet,
activity, and obesity [27,28]. Therefore, basic, scientific guideline on a balanced diet is needed for the
Chinese population.
Before the third period in this study, a further revision of the FBDGs and the FGP took place in 2007.
In China, most of the studies on dietary changes were before the third period [2,10,19]. They found
a shift toward a high-fat, high-energy-density and low-fiber diet in the Chinese nutrition transition.
In this study, we added some new findings after 2007. We found an increase in the consumption of
cereals and in the intake of dietary fiber and thiamine during the period of 2008 to 2011, although the
energy intake from carbohydrates was only 51%. This might related to the guidelines which added
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“including appropriate amount of coarse grains” and the improved awareness of healthy diet among
Chinese adults. We also found an increase in bean consumption and a decrease in meat consumption
in urban areas. In the meantime, a sharp increase in the consumption of fruits and beans products was
found in rural areas. Nevertheless, intake of cholesterol for both urban and rural residents remarkably
exceeded 300 mg/day. Furthermore, intakes of every kind of animal food and edible oil also increased
significantly for rural residents. One of the reasons for the consumption of a large amount of edible
oils may be that both the importation of soybean oil and that domestic production skyrocketed [29,30].
Additionally, the intake of energy and various nutrients for both urban and rural areas can reach
80% RNI/AI or above, but the intake of calcium, retinol and dietary fiber was still not up to the 80%
RNI/AI though they increased more than the previous period. A higher intake of iron was also found
in this study. This might be partially due to a higher intake of animal food and can explain the lower
prevalence (4.6%) of anemia in Tianjin [31]. However, the iron intake was much higher than RNI
(over 160%). The result was similar with that of the 2002 NNHS [18]. Moreover, epidemiological studies
provide evidence that elevated iron stores are a risk factor for developing cardiovascular and metabolic
abnormalities, such as atherosclerosis, diabetes and metabolic syndrome [32,33]. Therefore, a high iron
intake in the population is of concern and needs further research. In a word, scientific and reasonable
dietary guideline are very important and useful for residents.
The classic Chinese diet includes cereals and vegetables with few animal foods [34]. Many
studies indicate that diets largely based on plant foods offer a number of nutritional benefits [35–37].
Lower consumption of meats and higher consumption of grains have long been considered to be part
of a healthy diet to help reduce risks for cardiovascular disease [37–40]. However, increased meat
consumption and decreased cereal consumption over time is a worldwide phenomenon, especially
during recent years, among developing countries that have enjoyed rapid economic development.
This dietary pattern is related to increased chronic morbidity, while a greater intake of vegetables,
fruits, cereals, nuts, and beans has been independently associated with a lower risk for several chronic
diseases, such as cardiovascular disease and many cancers [36,37,41]. Recent findings related to global
climate change suggest that high-meat diets are less sustainable [42,43]. Although the nutritional
status significantly improved, Chinese will still face the simultaneous challenges of undernutrition
and overnutrition for a certain period of time.
This study had several limitations. First, the study population was only from Tianjin, China.
Therefore, caution should be used when generalizing the findings from this study to broader
populations with different socioeconomic status. Secondly, the third survey used 24 h recall,
and the other two used weighted-food records (a gold standard method to assess dietary intakes).
Because the relative differences of food and nutrients intakes were less than 10% by two methods [15],
we considered data from the three surveys as comparable. Finally, dietary patterns may be affected
by many other factors, such as psychosocial–behavioral, educational levels and healthy status [44].
Thus, further study is needed to improve our observation.
5. Conclusions
From this study, we found that there are signs of decline of meat intake in the third period, and
meat consumption had peaked and began to decrease in urban areas. Although the contribution of fat
to total energy intake did not decrease, fats from plant sources increased. Furthermore, after a very
large decrease in cereal consumption, it began to show an increasing trend. Consumption of both
beans and milk products showed a stable increase. Although the nutrition transition of rural areas was
usually a period slower than urban areas, the dietary structure of rural residents was more and more
close to urban residents’. During the important stage of nutrition transition, both the people’s efforts
and the national efforts are necessary to improve human health.
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